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ABSTRACT 

The extended development of southeast drainage transverse to the structural belts 
of the Appalachians is pictured. In explanation of this phenomenon a new theory of 
Appalachian geomorphic evolution. is presented for discussion. According to this the- 
ory, a southeast-flowing consequent drainage system was originally superposed on 
Appalachian structures from an ancient coastal plain cover which extended from 125 
to 200 miles northwest of the present inner margin of the Atlantic coastal plain and 
rested on a peneplane much older than the Schooley or Kittatinny erosion surfaces. 
A full discussion of the theory, of the considerations which seem to support it, and of the 
consequences which would follow its acceptance, will be published in book form at an 
early date. 

SOUTHEAST DRAINAGE OF THE APPALACHIANS 

Davis early called attention to the peculiar behavior of the lower 
Connecticut River, which just below Middletown in the state of 
Connecticut suddenly turns from its broad north-south valley, cut 
in weak Triassic shales and sandstones, to pursue a southeast course 
through a narrow valley cut in resistant crystallines. As one possi- 
ble explanation of this peculiarity he entertained a hypothesis‘ sug- 
gested to him by Tarr’? that the coastal plain sediments formerly 
lapped inland as far as Middletown, and that the lower Connecticut 
extended its course southeastward upon the coastal plain cover as 
the latter was gradually raised with a tilt in this direction. From 

* William Morris Davis, ‘The Triassic Formation of Connecticut,” U.S. Geol. Surv., 
Eighteenth Ann. Rept., Part IT, 1-192 (1898), p. 165. 

?R. S. Tarr, Personal communication to William Morris Davis. 
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Note.—The book referred to in the abstract is entitled Stream Sculpture on 
the Atlantic Slope, and is to be published at an early date by the Columbia 
University Press. 
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the coastal plain cover the stream was superposed upon the under- 
lying crystallines; hence, the present narrow valley in the lower 
portion of the river, and its apparently abnormal course. 

If the lower Connecticut were the only southeast stream requir- 
ing explanation, or if a series of streams flowing in other directions 
throughout their upper and middle courses suddenly turned south- 
east at a line reasonably to be interpreted as the inner margin of a 
former coastal plain, we might explain the phenomenon by invoking 
a moderate and comparatively recent marine transgression across 
both the coastal plain wedge and the crystallines shown near the 
right end of Figure 5 and subsequent diagrams. But the middle and 
upper courses of other streams show equally remarkable develop- 
ment of southeast drainage, oblique to the structures they traverse. 
The rectilinear southeast course of the middle Housatonic from the 
New York border to below Derby, Connecticut, and the course of 
the Hudson across the Highlands, as Davis also observed, may be 
accounted for on the above hypothesis without assuming any undue 
inland extension of such a coastal plain. But the southeast course 
of the Willimantic-Shetucket would on this interpretation carry the 
old shoreline far north only a short distance east of Middletown. And 
if we stop the marine transgression at Middletown to account for 
the 30-mile southeast course of the lower Connecticut, how shall we 
explain the 40-mile southeast course of that upper portion of the 
Connecticut called the Farmington, to say nothing of the southeast 
courses of the Westfield, the Deerfield, and other New England 
rivers? Superposition of tributary streams from the flood plains of 
their masters, as suggested by Meyerhoff and Hubbell, for tribu- 
taries of the Connecticut, might locally be appealed to in certain 
cases; but both the prevalence of the southeast direction and the 
vast scale of the phenomenon seem to demand a different interpreta- 
tion for the drainage as a whole. 

The southeast course of the upper Farmington would, if pro- 
longed, coincide with the southeast course of the lower Connecticut. 
Thus, with the exception of a 15-mile stretch in the weak rock belt 


* Howard A. Meyerhoff and Marion Hubbell, “The Erosional Landforms of Eastern 
and Central Vermont,” Sixteenth Biennial Report of State Geologist of Vermont (1928), 
pp. 315-81. 
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The remarkable development of southeast drainage 








APPALACHIAN GEOMORPHIC EVOLUTION... 


of the Triassic Lowland (where destruction of the inherited course 
would most easily be accomplished; where the deep, broad cut of 
Cooks Gap in the main trap ridge west of New Britain testifies to 
the former presence of a large stream; and where the Mattabesset 
River flowing southeast from the Gap reduces the actual interrup- 
tion of southeast drainage to but 5 miles), we have a prominent con- 
tinuous southeast drainage line from within Massachusetts clear 
across the state of Connecticut to the sea. Indeed, the most striking 
characteristic of New England drainage is its composite nature, 


the south- or southwest-trending streams to give a sort of latticed 


dred miles; then, after a break of some 50 miles, a 50-mile segment 
of the Delaware continues the southeast direction of the North 
Branch. Along this same line, and occupying the intervening space 
where southeast drainage at present has no great representative, is 
the remarkable wind gap near Pen Argyl, testifying to the former 
presence of a southeast-flowing stream of some magnitude. There 
is thus a strong suggestion that the North Branch of the Susque- 
hanna formerly joined the Delaware near Easton to give a stream 
flowing directly southeast for more than 200 miles. The suggestion 


Schuylkill, the Lehigh, the upper Delaware from Broome County 
(New York) to Port Jervis, the Potomac from Hancock to Washing- 
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the rectilinear courses of many southeast-flowing streams that 
Hobbs' sought to account for them by the controlling influence of a 
system of fractures trending north 44° west. He writes: “‘Examina- 
tion of the rivers of the Atlantic border region, as we shall see, 
furnish evidence that dislocations approximating to the northwest- 
southeast direction have controlled.’”” Among the stream “line- 
aments”’ specifically mentioned by Hobbs are the lower Connecticut— 
Farmington, lower Delaware—upper Susquehanna, the lower Susque- 
hanna, and the Potomac. Against the fracture-control theory must 
be urged the lack of sufficient evidence of major faults or other 
fractures coincident with the stream lines in question. We agree 
with Hobbs that the remarkable development of southeast drainage 
demands an explanation; but rectilinear stream courses cannot of 
themselves be accepted as evidence of dislocations, since such courses 
may result from a number of causes, among which superposition 
from an inclined coastal plain cover is one. 

It is believed that the directness of the southeast courses, their 
great length, and their remarkable parallelism exclude the possibil- 
ity that they are parts of an ancient northwest-flowing drainage, 
whether antecedent to the Appalachian folding as some early writers 
assumed, or consequent upon the folding as Davis’ supposed, re- 
versed to a southeast direction by the Newark depression or by 
headwater growth of originally small Atlantic slope streams. That 
streams flowing northeast or southwest along the Appalachian struc- 
tures should by tilting be turned into southeast courses on the 
Schooley surface, we regard as impossible, since the angle of tilt 
would have to be abnormally high in order to deflect a river from 
even so shallow a valley as it occupies on a peneplane. Deflection 
through capture of master streams by northeast-growing tributaries 
stimulated by a southeast tilt of the Schooley peneplane we consider 
highly improbable, since the observed angle of tilting is very low, 
and the obstacles to capture of master streams by tributaries are 
always appreciable, and especially so when capture must be effected 
across the structural belts of the country. 


*W. H. Hobbs, “‘Lineaments of the Atlantic Border Region,” Geol. Soc. Amer., 
Bull. 15 (1904), pp. 483-506. 

? William Morris Davis, ‘The Rivers and Valleys of Pennsylvania,’ Nat. Geog. 
Mag., Vol. I (1889), pp. 183-253. 
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Professor Bailey Willis has suggested to me that a deep mantle 
of saprolite would facilitate the quick growth of southeast-flowing 
consequent streams as soon as the peneplane was tilted in that di- 
rection. It is difficult to determine, on purely theoretical grounds, 
how effectively a mantle of saprolite, and of alluvium derived from 
its erosion, might play the rdéle of a coastal plain cover in bringing 
about the development and superposition of southeast-flowing mas- 
ter rivers; but our studies indicate that, on the Appalachian pene- 
planes, hard rock ridges persisted as linear monadnocks throughout 
the leveling process, that the resistant conglomerates and quartz- 
ites were far less susceptible to decomposing agents than were other 
rocks in that region, and that the slopes of the peneplane surfaces 
toward the streams and down the streams were much more pro- 
nounced than were commonly supposed. All these factors seem un- 
favorable to the idea of rapidly developing southeast-flowing master 
streams on a saprolite-mantled, tilted peneplane. The simplest, and 
we believe the most probable, explanation lies in early superposi- 
tion of an original southeast consequent drainage from an ancient 
coastal plain cover, followed by extensive development of subse- 
quent streams along weak rock belts during the Schooley and later 
erosion cycles. 

So far as the writer is aware, none of the many workers on Ap- 
palachian geomorphology has considered the possibility that the 
transverse drainage of this region was superposed from a coastal 
plain extending far inland across the Appalachian ridges and resting 
on a peneplane older and higher than the highest surface (Schooley 
or Kittatinny) preserved in the present topography. It is true that 
more than one investigator has wondered where the pre-coastal plain 
surface would pass if projected inland. It is true that Davis" inferred 
a former moderate inland extension of the coastal plain so far as to 
admit the possibility of a superposed origin for the lower portions 
of the Connecticut and Housatonic rivers, as already noted; and he 
explained certain New Jersey drainage and the lower Susquehanna 
on the same basis. But he limited his restitution of the coastal plain 
cover to a belt from 25 to 40 miles broad in Connecticut and New 

* William Morris Davis, ‘‘The Triassic Formation of Connecticut,” op. cit.; “The 


Rivers and Valleys of Pennsylvania,” op. cit.; Geographical Essays, pp. 413-84; Boston 
(1909), pp. 471-73. 
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Jersey, and possibly 80 miles broad in central Pennsylvania; and he 
imagined this extension of the coastal plain cover to rest upon the 
Schooley peneplane. In his earlier work Barrell’ went a little farther, 
in Pennsylvania, by carrying the cover over the Kittatinny moun- 
tain ridge instead of to the vicinity of the ridge as did Davis; 
while in New Jersey he likewise inferred a cover over the Kittatinny 
ridge,’ although not over the crystalline Highlands farther south- 
east nor over that part of the Kittatinny ridge in New York. The 
extent of the coastal plain cover in New England is less clearly stated 
by Barrell, although he seems to have fixed a “‘Cretaceous shoreline” 
in northwestern Massachusetts and Vermont, over a hundred miles 
from the present shore.’ We have no sufficiently clear statement as 
to Barrell’s latest views regarding the relation of the coastal plain 
cover to the surface known as the Schooley peneplane. Apparently 
his earlier view was similar to that held by Davis—the coastal plain 
deposits rested on the fluvial ‘“Kittatinny”’ or “Cretaceous” pene- 
plane (the Schooley peneplane of Davis); but later he certainly in- 
ferred marine planation at various levels, interrupted more than 
once by wholesale fluvial erosion, possibly continued to the stage 
of planation.‘ Barrell follows Tarr and Davis in ascribing the south- 
east courses of the Connecticut and Housatonic rivers to super- 
position, but apparently it was with marine invasions of post- 
Schooley date that were associated the marine deposits upon which 
these streams acquired the courses in question.‘ 

If anyone has derived Appalachian drainage by superposition 
from a coastal plain resting on a peneplane of pre-Schooley (pre- 
Kittatinny) date, the fact has escaped the writer’s notice. In any 
case, this theory has made no headway in the literature; neither 
have the facts which make it seem plausible nor the radical changes 
which the theory, if accepted, must introduce into our interpreta- 
tions of later Appalachian history, received the attention they de- 
serve. It seems pertinent, therefore, to outline the conception of 

t Joseph Barrell, ‘‘The Piedmont Terraces of the Northern Appalachians,” Am. 
Jour. Sci., 4th ser.; Vol. XLIX (1920), pp. 240, 227-58, 327-62, 407-28. 

2 Often called “Blue Ridge’ by Barrell through confusion with “Blue Mountain,” 
an alternative name for the Kittatinny ridge. 

3 Barrell, op, cit., pp. 418, 421. 


4 Ibid, pp. 230, 328, 410, 416, 423, 424. 5 Ibid., pp. 424, 425. 
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Appalachian evolution which the writer and his students have been 
employing as a working hypothesis for some years.’ 


THE THEORY OF REGIONAL SUPERPOSITION 
OF APPALACHIAN DRAINAGE 
For reasons more fully set forth elsewhere, it is believed that the 
marginal, relatively steeply sloping, pre-coastal plain floor is part 
of a peneplane much older than Schooley or Kittatinny, which for- 
merly projected far inland beveling the Appalachian folds. Presum- 
ably the observed remnants of this ancient surface, being marginal 
to the upwarp, slope more steeply than did portions farther inland; 
but it is inferred that, in any case, this early peneplane, if restored, 
would pass high above the hilltops of the present upland of central 
New England and the crests of the Pennsylvania ridges. In age this 
peneplane must be later than the infaulted masses of Newark beds 
(Fig. 1) which it is conceived to have beveled, and earlier than such 
portions of the Cretaceous beds as may be found resting upon it at 
any given locality. It may, in part at least, be Cretaceous in age, 
for, contrary to the view expressed by some writers, there is no 
inconsistency in supposing Cretaceous beds to lie upon a Cretaceous 
peneplane, provided only that peneplanation occurred in a portion 
of Cretaceous time earlier than that represented by the covering 
deposits. It may in part be Jurassic, or Jura-Cretaceous, or even 
late Trias-Jura-Cretaceous in age. Because it is exposed to view in, 
and genetically related to, the zone characterized by falls and rapids 
in streams passing from the Appalachian oldland into the coastal 
plain province, it has been called the Fall Zone peneplane’ (Fig. 2). 
Beginning in Cretaceous time (in some places perhaps as early 
as in late Jurassic time) the sea is supposed to have spread far inland 
over the Fall Zone peneplane, and to have buried that relatively 
even erosion surface and its continental deposits with a mantle of 
Cretaceous and possibly later sediments (Fig. 3). Thus all the drain- 
age adjustments of the early cycle were completely obliterated. 
Later, a broad uparching of the Appalachian region initiated upon 
‘For a brief preliminary statement of the theory see program of the 1928 meeting 
of the Geological Society of America, published in Bull. G.S.A., Vol. XL (1929), pp. 
132-33: 
2 Henry S. Sharp, “The Fall Zone Peneplane,” Sci., Vol. XLIX (1929), pp. 544-45. 




































ax eeeoe 


i penta isk a 
Ee eae eens 











Speq ured [e}s¥0d jo uontsodap pur vas SNOIdBIa1_) JO JUIWIYIvOIIUY—"f “OIy 











ME YAN Ay A NAA DA 
iy Sa m / ~~’ : a A ( 
: pe FAVS | | 
Sy 

eH x )/ 


















































SS == —- 

Saige Fries eer 

m ~4 = gel Oe aed 

FE SO 
—~ \ Se <I ee 














APPALACHIAN GEOMORPHIC EVOLUTION 5°25 


the exposed covering deposits a new consequent drainage system 
(Fig. 4), traces of which may persist to the present day. Then dur- 
ing the Tertiary came the long Schooley cycle (or Kittatinny and 
Schooley cycles) of erosion, ending in production of the remarkably 
well-developed and widespread Schooley peneplane (Fig. 5), which 
beveled both the ancient crystallines and the coastal plain deposits. 
Many superposed southeast-flowing consequent streams held their 
courses across the Appalachian structures, although during this long 
erosion period much adjustment of drainage to structure must have 
been accomplished. 

Uparching of the Schooley peneplane (Fig. 6) permitted rejuvena- 
tion of the drainage and in due time development of the Harris- 
burg peneplane on weak rock areas (Fig. 7). Further moderate up- 
lift allowed incision of streams in the Harrisburg level and develop- 
ment of the Somerville peneplane on rocks of excessive weakness, 
such as limestones and certain shales (Fig. 8). Finally, renewed up- 
lift may account for the entrenchment of rejuvenated streams be- 
low the Somerville level (Fig. 9). Thus the later stages of Appalach- 
ian history are believed to follow the sequence set forth by Davis, 
Campbell, and other students of the region many years ago. 

Attention is here centered on the major stages of Appalachian 
history, without discussing the existence of additional peneplanes 
reported by some observers. If intermediate peneplane levels exist 
in the present topography, these may readily be fitted into the 
scheme outlined above, while further study may show that the 
Schooley peneplane was not the first erosion surface to intersect the 
Fall Zone peneplane and bevel its coastal plain cover. Similarly, 
encroachments of the sea at other periods than the one pictured 
(Fig. 3) will fit into the story. It is not supposed that the oceanic 
waters necessarily everywhere advanced, once and only once, simul- 
taneously to their farthest inland position, then uniformly withdrew 
to expose a coastal plain of simple structure and unvarying age suc- 
cession. The single overlap pictured in Figure 3 may well be repre- 
sentative of a succession of advances and retreats, some of one age 
and some of another, some involving larger and others smaller areas, 
the whole giving a coastal plain cover, or a succession of coastal 
plain covers, of great complexity. Post-Schooley advances of the 
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sea are equally admissible, provided only that such encroachments 
be not of such magnitude and duration as to require a substantial 
modification of the described sequence of events. Thus moderate 
marine transgression across the Schooley peneplane (Fig. 5), or over 
surfaces of later date, is permissible; but the overlapping of a coastal 
plain far across the Schooley surface in the manner pictured by 
Davis is definitely excluded. Finally, it must not be imagined that 
upwarpings of the continent were closely restricted to the periods of 
movement represented in the diagrams. Here again the true history 
was probably more complex than any drawings could effectively 
portray. We present certain principles in simplified form; but we 
do not lose sight of the greater complexity of Nature. 

The present paper aims merely to state in broad outlines the 
theory of early regional superposition of Appalachian drainage. 
Adequate discussion of the theory must involve, on the one hand, 
consideration of various lines of evidence which appear to lend it 
strong support; and, on the other hand, consideration of certain far- 
reaching consequences which must follow its acceptance. The the- 
ory further requires the acid test of applying it to the elucidation of 
complex drainage phenomena in selected portions of the Appalach- 
ian province, with a view to determining whether it will explain 
those phenomena more simply and more fully than do theories pre- 
viously entertained. To this larger task the writer has devoted a 
volume’ which will shortly be placed at the reader’s disposal. 


* Douglas Johnson, Stream Sculpture on the Atlantic Slope, Columbia University 
Press, New York City. 

















FISHES OF THE JEFFERSON FORMATION 
OF UTAH 
E. B. BRANSON anp M. G. MEHL 
University of Missouri 
ABSTRACT 

In the lower part of the Jefferson series (Devonian) of northeastern Utah a rich fish 
fauna was found in 1928. The study of the fossils is far from complete, but six genera 
have been recognized. Dinichthys, Ptyctodus, and Aspidichthys are genera which range 
through Middle or Upper Devonian. Glossoidaspis, Cardipeltis, and Camptaspis are 
new genera closely related to Upper Devonian, Lower Devonian, and Silurian forms. A 
complete study of the fish fauna may furnish data for correlation of the Jefferson series. 

Since the definition of the Jefferson formation in Montana by 
Peale’ considerable information has been added concerning its areal 
distribution. For the most part the fossil content is too meager to 
serve in establishing its upper and lower limits and at its southern 
extension in Utah its boundaries have not been sharply defined. On 
Blacksmith Fork a section of nearly 2,400 feet of light-gray, fine- 
grained, moderately thin-bedded dolomite with minor thicknesses of 
sandstone and shale intervenes as a talus-covered slope between the 
bold faces of the dark-gray massive Lake City dolomite of Silurian 
age and the “‘Chinese wall” of the Madison formation of the Missis- 
sippian. The upper several hundred feet of this intervening section 
have been designated as the Three Forks limestone by Tomlinson? 
and others, and the main thickness of the dolomite has generally 
been considered as Lower and Middle Devonian in age. As pointed 
out by Kindle? the association of Halysites catenulatus with M artinia 
maia in the lower part of the Jefferson indicates continued deposition 
from the Silurian into the Devonian. 

In the course of the writers’ investigation of the Jefferson forma- 
tion in the Bear River Range of Utah a fish fauna of more than or- 

tA. C. Peale, U.S.G.S. Bull. 110 (1893), p. 27. 

2C. W. Tomlinson, “‘The Middle Paleozoic Stratigraphy of the Central Rocky 
Mountain Région,” Jour. Geol., Vol. XXV (1917), pp. 124 and 386. 

3E. M. Kindle, ‘“‘The Fauna and Stratigraphy of the Jefferson Limestone in the 
Northern Rocky Mountain Region,” Bulletins of Amer. Pal., Vol. ITI, No. 20 (1908), 


p. 23. 
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dinary importance has come to light. The variety of the remains 
suggests the possibility that the fish may be useful in drawing logical 
boundaries in this otherwise relatively non-fossiliferous dolomite se- 
ries, and it is to this end that the writers are continuing their investi- 
gations of the Jefferson formation. At this time it is the intention to 
make known some of the details of the fauna to which the senior 
author called attention in another place,’ and later to publish a more 
complete report of the stratigraphic distribution of these and other 
faunal elements. 

Although most of the materials described in the following pages 
was found in blocks of talus, the topography is such that these must 
have come from horizons no higher than about 200 feet above the 
base of the Jefferson. The median-dorsal plate of a dinichthyid and 
a tooth of Ptyctodus calceolus came from beds 100-200 feet higher 
than the other remains. 


GENUS Camptaspis BRANSON AND MEHL N. GEN. 

Generic characters.—An acanthaspid form, the thoracic capsule of 
which bears long rigid postero-laterally directed pectoral spines and 
a dorso-median crest or spine. The thoracic capsule is composed of 
a large number of small, irregular, more or less closely fused plates 
without indications of the normal acanthaspid regional divisions of 
the armor. The capsule was probably somewhat flexible in young 
individuals. The antero-lateral portions of the ventral shield form 
the major part of the lateral spines and the rest is formed by antero- 
lateral extensions of the dorsal shield with which the ventral shield 
is suturally united diagonally across the spine. The outer surface of 
the capsule is marked with coarse tubercles. 

Camptlaspis utahensis BRANSON AND MEHL N. SP. 
(Pl. I, Figs. 1, 2, 3) 

Type.—Number 592, Vertebrate Paleontology, University of Mis- 
souri: A small slab of dolomite containing the complete left lateral 
spine with part of the postero-lateral dorsal shield attached and the 
impression of the antero-ventral margin to the median line. The 


1 FE. B. Branson, ‘‘New Localities for Devonian Fishes,” Bull. Geol. Soc. Amer., Vol. 
XL (1929), p. 245. 
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median part of the dorsal shield, apparently nearly its complete 
length, has been crushed to the right but lies almost in its normal 
relations. This type material is supplemented by another specimen, 
No. 598 (possibly another species), that shows other details of the 
antero-lateral margin. 

Type locality—Blacksmith Fork, Bear River Range, about 12 
miles southeast of Logan, Utah. 

Geological occurrence.—A blue-gray dolomite from the lower mem- 
ber of the Jefferson formation, Devonian. 

Description.—The osseus capsule of the thorax is about 90mm. 
long and 60 mm. wide. The lateral spines are slender, somewhat 
more than 85 mm. long and about 8 mm. wide at midlength. The 
angle between spine and axis of the capsule is about 30°. 

The capsule appears to be composed of two major units, a ventral 
and a dorsal shield (see Fig. 1). The ventral shield is rounded an- 
teriorly and at the median line extends about 25 mm. beyond the 
base of the lateral spine. The nature of its posterior emargination 
is unknown. 

The dorsal shield is arched to a sharp ridge along the median line, 
near the anterior end of which a pronounced protuberance or hollow 
spine is directed up and slightly back. The height of this protuber- 
ance is not known; its base is somewhat more than 10 mm. in 
diameter. 

The antero-lateral edge of the dorsal shield extends transversely 
across the upper surface of the spine in a straight suture so as to 
form fully two-thirds of the outer margin of this process. The inner 
margin of the spine and all of its distal half, as visible in a superior 
view, is made up of an extension of the ventral shield. Little can be 
determined concerning the ventral aspect of the spine, but the outer 
portion of the dorsal shield that corresponds to the antero-lateral is 
doubled under to form part of the outer-ventral surface. A clear im- 
pression in the matrix indicates the shape of that part of the ventral 
shield designated as the intero-lateral in its normal position. The 
lack of evidence of sutural union between this piece and the anterior 
end of the underfolded antero-lateral suggests that the intero-lateral 
is in origin part of the dorsal shield. The spine proper has the ap- 
pearance, from what little is evident of its ventro-internal surface, of 








PLATE I 


Fics. 1-3.—-Camplaspis utahensis Branson and Mehl (No. 592 V.P., U. of 
Mo.). Fig. 1, superior view of crushed thoracic capsule showing lateral spine, 
impression of antero-ventral margin, and part of dorso-median ridge, Xo.5; Fig. 
2, details of left lateral spine in dorsal view, X 1; Fig. 3, detail of a small part of 
dorsal shield to show small irregular plates with marginal growth lines, X 5. 

Fics. 4 AND 5.—ASspidichthys sp. indet. (No. 613 V.P., U. of Mo.). Fig. 4 
part of a large plate of undetermined position showing gross features of char- 
acteristic ornamentation, X1; Fig. 5, a small area of the plate shown in Fig. 4, 
enlarged to about three diameters to show details of tubercles. 

Fic. 6.—Aspidichthys sp. indet. (No. 614 V.P., U. of Mo.). Part of a frag- 
mental pla 2 showing a somewhat different type of ornamentation than that of 
Fig. 4, but possibly representing the same species, X 2.5. 

Fics. 7-9.—Dinichthys(?) jeffersonensis Branson and Mehl (No. sor V.P., U. 
of Mo.). Fig. 7, superior view of postero-lateral margins and posterior spine of 
dorso-median plate, Xo0.5; Figs. 8 and 9, inferior and lateral views of posterior 
spine, Xo.5. Fig. 9 is a sketch. 
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corresponding to the antero-ventro-lateral part of the ventral shield, 
as indicated above. 

Both anterior and posterior margins of the spine are relatively 
smooth, perhaps a specific characteristic. 

Dorsal and ventral shield are composed of many more or less 
polygonal plates the margins of which show concentric wrinkles of 
growth. The plates, solidly united in the adult form, were possibly 

pti. only loosely articulated in the 

Jy \) growing individual to form a 

YS iat ' somewhat flexible capsule. They 

“a \ vary in size from 1 to 7 mm. in 

itt diameter with 5 mm. near the 

i \ / A average. There is no suggestion 

/ \ / \\ of an arrangement of the plates 

/] \} into larger units to correspond 

<> with the regional divisions of the 

tae Z a ee a dorsal and ventral shields. The 
and Mehl. A somewhat hypothetical out- : . . 

line of the thoracic capsule in ventral view surface of the typical unit on the 

to show the supposed underlapping of the dorsum is occupied by four to six 

antero-lateral region of the dorsal shield so rounded protuberances of major 

as to form the antero-ventral margin, corre- 

sponding to the intero-ventral unit of other 

Acanthaspids, X?. Broken lines indicate 

margins of the dorsal part of the capsule somewhat pointed elevations 


and dotted lines show the position of the are present on many of the ma- 
dorsal sutures. . 


size and one or more lesser 
nodes. One or more minute, 


jor tubercles. The details of or- 
namentation are indicated in Plate I, Figure 3. On the venter the 
tubercles are less pronounced so as to leave the surface less rugose 
than that of the dorsum. 

Relationships—The only Acanthaspids previously known from 
North America are the fragmentary remains from the Middle 
Devonian of Ohio, referred to Acanthaspis armatus Newberry" and 
A. newberryi Heintz,? and similar fragments from Middle and Upper 


"J. S. Newberry, ‘‘The Structure and Relations of Dinichthys with Descriptions of 
Some Other Fossil Fishes,”’ Rept. Geol. Surv. Ohio, Vol. II, Part II (1875), pp. 36-38. 

2 Anatol Heintz, Die Downtonischen und Devonischen Vertebraten von Spitsbergen, 
Part II, Acanthaspida; Kong. Dept. Handel, Sjofart, Industri, Handverk og Fisheri; 
Skrifter om Svolbard og Ishavert (Oslo, 1929), No. 22, p. 72. A. Newberryi is based on 
the specimen described as A. armatus by Charles R. Eastman (“Devonian Fishes of 
Iowa,” Ann Rept. Iowa Geol. Surv. [1908], pp. 145-46, Pl. I, Fig. 14. 
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on 


Devonian of New York; in addition there are scanty remains of 
Phlyctaenaspis acadica (Whiteaves) from the Lower Devonian of 
New Brunswick." 

It seems likely that the several specimens referred by Newberry to 
Acanthas pis armatus represent two or three species and possibly 
more than one genus. In addition to distinctive ornamentations and 
spine-axis angle all of these specimens differ from Camptas pis in that 
they are representatives of a group the capsule of which is composed 
of a regular system of separate regional plates. 

The differences between the New Brunswick Pihlyctaenaspis and 
Camplas pis are equally evident. In the former the thoracic capsule 
regional divisions are evident and the plates are only partly fused. 

As indicated above, no regional divisions are present in the capsule 
of Camptaspis. The dorsal shield is composed of many small irregu- 
lar plates, a structure that fails to fit in with the more recent classi- 
fication of the Acanthaspids. According to Heintz’? three families 
based on the arrangement of the thoracic capsule plates are to be 
recognized which he characterizes as follows: 

I. Family MonaspmaeE: Acanthaspidia with apparently undivided armor 
which is marked only by individual ossification centers. The margins between 
the ossification centers often indistinct and on the sculptured surface not evident 
or only faintly perceptible. 

II. Family MepraspmpaAE: Acanthaspidia with distinctly divided but partly 
fused plates in the armor. The plate margins distinct on the sculptured surface. 

III. Family PotyaspmaeE: Acanthaspidia with armor composed of separate 
plates. 

In this classification the united or individual units or ossification 
centers refer to a definite system of plates; seven on the dorsum, 
eight on the venter, and two lateral or pectoral spines. There may 
be some question as to the soundness of a classification based on the 
degree of fusion of the thoracic capsule plates. It is probable that the 
Acanthaspid capsule of eighteen plates is the product of loss and 
unions from a beginning as a flexible armor consisting of many small, 
irregularly disposed dermal scutes. At any stage in the reduction to 

1 J. F. Whiteaves, ‘‘On Some Fossil Fishes, Crustacea, and Mollusca from the De- 
vonian Rocks at Campbellton, N.B., with Descriptions of Five New Species,’ Canad. 
Nat. (2d per., 1881), Vol. 10, pp. 93-101. 

2 Op. cit., p. 25. 
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the eighteen-plate system a rigidity by fusion of the units might be 
expected, and very closely related forms might exhibit very different 
accomplishment in this direction. 

Entirely aside from the merits of Heintz’s proposed classification 
of the Acanthaspids, it is evident that the form herein described 
cannot be placed logically in one of the proposed families. If the 
writers’ observations are well founded Campias pis represents a much 
more primitive stage than has been hitherto recorded, a stage before 
appreciable progress had been made toward the reduced number of 
plates in the capsule. True, the adult capsule is essentially rigid, but 
it is a rigidity of quite-different structures than the units of the 
rigid Monaspid armor. 

If further specimens verify the structures described for Cam ptas pis 
they may properly be considered of family value. At present there 
are too many doubtful points concerning the anatomy to justify 
creation of a new family. 


GENUS Aspidichthys NEWBERRY 

The Aspidichthyids constitute a group of little-known fishes of 
uncertain relationships. Their distinguishing feature is a distinctive 
tuberculate ornamentation that is sharply set off from other forms. 
There is some evidence that the group is not greatly different from 
the Acanthaspids except in ornamentation, and it is possible that 
they will ultimately be grouped together. Remains of the Aspidich- 
thyids have been identified in Middle and Upper Devonian rocks of 
Ohio, New York, Kentucky, Ellsmere Land, Ontario, and Manitoba. 


Aspidichthys sp. INDET. 
(Pl. I, Figs. 4, 5, 6) 

At least three specimens from the lower part of the Jefferson for- 
mation of the Bear River Range of Utah can be referred with as- 
surance to the genus Aspidichthys, but none of this material is 
sufficiently complete to justify specific reference. 

One specimen, No. 612 V.P., U. of Mo., apparently represents the 
base of a right pectoral spine and part of the-right antero-ventro- 
lateral plate. Aside from some of the details of ornamentation there 
is little information to be gained from this specimen except the 
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evidence that the group possessed a typical rigid Acanthaspid pec- 
toral spine, and the suggestion that the intero-lateral is an under- 
folding of the antero-lateral of the dorsal shield as indicated in con- 
nection with the description of Camptaspis utahensis in an earlier 
paragraph. The ornamentation is similar in most of its details to 
that of a better-preserved specimen described below. 

Another specimen, No. 613 V.P., U. of Mo., is part of a large 
plate, no part of the original margin of which is preserved. The piece 
is 68 mm. long, 31 mm. wide, and shows the details of the ornamen- 
tation of the group (PI. I, Figs. 4 and 5). The surface is marked by 
comparatively small, rounded, irregularly disposed tubercles, the 
flanks of which have irregular radiating grooves. At one end of the 
fragment the tubercles average about five in a length of 10 mm. in 
any direction; at the opposite end the number of tubercles is nearly 
doubled in the same length. There is a tendency in several parts of 
the surface for the tubercles to coalesce and form more or less con- 
tinuous irregular nodose ridges. 

In the third specimen, No. 614 V.P., U. of Mo., a smaller frag- 
ment of a flat plate shows an almost complete coalescing of the 
tubercles to form irregular ridges. 

It is likely that all three specimens are specifically identical and 
probably represent an undescribed species. 


GENUS Cardipeltis BRANSON AND MEHL N. GEN. 


Generic characters —Dorsal armor consisting of one subcardiform 
or triangular plate of large size with length and width about equal 
and orbital notches near midlength. The dorsal surface is marked by 
fine, closely crowded vermiform ridges. Ventral shield unknown. 


Cardipeltis wallacii BRANSON AND MEHL N. SP. 
(Pl. II, Figs. 1, 2, 3, 4, 5) 

T ype.—Catalogue Nos. 601 and 602 V.P., U. of Mo.: The better 
specimen, No. 601, is the natural mold of both the dorsal and ventral 
surfaces of a fairly complete dorsal shield. Number 602 is the nat- 
ural mold of the ventral surface of a dorsal shield that completely 
supplements No. 601. The slab containing No. 602 contains in addi- 
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PLATE II 


Fics. 1-5.—Cardipeltis wallacii Branson and Mehl. Figs. 1 and 2, cast of 
outer surface of dorsal shield and natural mold of inner surface of the same 
specimen, Xo0.5 (No. 601 V.P., U. of Mo.); Fig. 3, details of ornamentation of 
the antero-lateral part of the shield, 2; Fig. 4, a section of the body covering, 
Xo.5 (No. 609 V.P., U. of Mo.); Fig. 5, details of an island of superior-size plates 
(No. 602 V.P., U. of Mo.) surrounded by plates of a very much smaller size, the 
average of the body covering, X3.5. 

Fic. 6.—Cardipeltis wallacii(?). Inferior view of the posterior part of a dorsal 
shield that is somewhat smaller than the type, Xo.5 (No. 600 V.P., U. of Mo.). 
What appears to be a slightly displaced dorsal spine lies near the median line. 
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tion the mold of the dorsal surface of the right half of another shield, 
No. 603. 

Type locality —Blacksmith Fork, Bear River Range, about 12 
miles southeast of Logan, Utah. 

Geological occurrence.—A blue-gray dolomite of the lower member 
of the Jefferson formation, Devonian. 

Description.—The dorsal shield is cardiform with anterior margin 
broadly rounded, posterior margin deeply emarginate with a slight 
posterior projection at the median line, postero-lateral margins 
broadly rounded and produced posteriorly. The length along the 
median line is about 135 mm. The greatest length, from the postero- 
lateral margins to the level of the anterior end, is about 147 mm. 
The greatest width, 46 mm. in advance of posterior margin, is about 
145 mm. The margins of the shield are deeply folded in and down 
to form orbital notches at the level of about 72 mm. from the an- 
terior margin. Each notch is about 10 mm. deep and 20 mm. wide 
and directed down and forward. The anterior margin is notched at 
about 17 mm. on each side of the median line by a shallow rounded 
emargination, apparently the narial notches. 

In a direct lateral view the shield departs little from a straight 
line in its upper outline. The posterior two-thirds of the median line 
is slightly convex upward. The anterior third of the median part is 
very slightly concave upward. In a posterior view the median- 
superior outline is flat with lateral margins comparatively sharply 
down-curved. The postero-lateral margins are curved down to ex- 
tend about 20 mm. below the flat central part of the shield. 

The sculpture consists of closely spaced, somewhat sinuous, 
round-crested ridges of a width such that eight with the interven- 
ing grooves occupy a length of ro mm. There is no arrangement of 
the ridges into a recognizable pattern other than that of varied 
length on different areas of the shield. Near the median-posterior 
margins and the orbital notches the ridges are broken up into short 
lengths, many only slightly longer than wide. To a lesser extent 
short ridges are the rule near the lateral margins. On the other hand, 
in the areas between the central and lateral portions of the shield 
continuous ridges of as much as 15 mm. or more in length are com- 


mon. 
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In addition to this delicate sculpture into ridges the shield as a 
whole is marked by fairly conspicuous concentric ridges the first of 
which forms an oval with long and short axis of about 85 and 65 
mm., the long axis coincident with the median line of the skull. The 
posterior side of the oval is close to the posterior margin of the 
shield. Between this oval and the anterior and lateral margins of the 
shield are at least three other ridges or wrinkles, so spaced as to in- 
dicate increase in size laterally and anteriorly rather than poste- 
riorly. The spacing toward the anterior margin is greater than to- 
ward the sides. 

The, mold of the ventral surface of the shield adds certain details 
bearing on the growth not reflected in the upper surface of the 
shield. In addition to major growth wrinkles there are, near the 
lateral and antero-lateral margins of the mold, closely crowded 
minor wrinkles, at least six of which are crowded into a width of 12 
mm. Other than this the only additional feature is a narrow excava- 
tion at the median line first evident at about 35 mm. from the 
posterior margin and increasing in depth posteriorly to end in an 
abrupt, somewhat laterally expanded excavation at or close to the 
posterior margin. Nothing is known concerning the ventral shield. 

Body covering.—A short length of body covering, a tubular section 
crushed flat, is so closely associated with the type material of 
Cardipeltis and in ornamentation so like that of the dorsal shield of 
C. wallacii as to suggest strongly that the covering represents this 
species. The covering was a somewhat flexible shagreened tegmen 
completely encircling the body and presumably covering the entire 
body back of the head shield (see Fig. 2). Making allowances for 
the somewhat wrinkled conditions of the tegmen as preserved the 
diameter of the region represented, very likely some distance back of 
the dorsal shield, is about 65 mm. and rapidly tapers to considerably 
less. The surface is marked by irregular but more or less elliptical 
elevations irregularly disposed and ranging from o.5 to 3 mm. in 
length. The large elevations are segregated so as to suggest a dorso- 
lateral position with medium-sized, more regularly disposed units 
along the dorso-median line and very small units on the ventral sur- 
face. Another specimen, a portion of the body tegmen pressed against 
the under side of a dorsal shield, indicates that on parts of the body 
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the scales formed patches composed of exceptionally large units in 
the midst of smaller elevations as indicated in Plate II, Figure 5. 

These sections across the tegmen show a structure similar to that 
of the median-dorsal plate of Pteraspis' but at the same time suf- 
ficiently different to be readily distinguishable. In Pteraspis the 
cells of the middle layer of the dermal armor are more or less regular 
and prismatic in shape. 

Relationships.—The similarity of the genus here described with 
Palaeas pis is fairly evident. In both genera the shield is a single unit 
with orbit notches and no median spine. 





Fic. 2.—Cardipeltis wallacii Branson and Mehl. Cross section details of body cover- 
ing, X50. 


The sculpture details of both Palaeaspis and Cyathaspis are in 
essentials like that of the present form. From Cyathaspis it differs 
in that the dorsal shield of the former consists of five units. 

In addition to sculptural distinctions Cardi peltis differs from other 
Pteraspid genera such as Archegonaspis? and Tolyaspis’ in the 
markedly posterior position of the orbit notches of the present 
genus. From this standpoint alone distinct generic reference of the 
Utah form seems justified. 

Remarks.—In a smaller specimen, No. 600 V.P., U. of Mo., the 

* Maurice Leriche, ‘‘Le Pteraspisde Liévin,” Ann. Soc. Géol. du Nord, Vol. XXXII 
(1903), pp. 161-75. 

Otto Jaekel, “Die Morphogenie der iltesten Wirbeltier,”’ Monographien zur 
Geologie und Palaeontologie, ed. W. Soergel (1st ser., 1929), Heft 3. 


3 [bid. 
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posterior end of a dorsal shield is appreciably smaller than the type 
material of Cardipeltis wallacii and possibly represents a distinct 
species. The preserved part indicates a maximum width of about 
120 mm. for the shield. The outline of the posterior margin is very 
different from that of the type in that the postero-lateral extensions 
do not extend an appreciable distance back of the level of the 
median-posterior projection. The sculpture of the dorsal surface is 
the same as that of the type. In the writers’ opinion the smaller 
specimen represents a young individual of C. wallacii and indicates 
the marginal outline changes that may be expected with growth. 

A flat bone fragment close to the posterior margin of the small 
shield indicates a median-dorsal spine arising just back of the shield, 
as suggested for Palaeaspis by Bryant.’ 


GENUS Glossoidaspis BRANSON AND MEHL N. GEN. 


These are Pteraspids of large size with a post-thoracic body cover- 
ing of comparatively small but thick overlapping scales of a struc- 
ture similar to that of the median-dorsal shield; possibly possessing 
a dorso-median row of slender spines back of the dorsal shield and 
its flat posterior spine. 


Glossoidas pis giganteus BRANSON AND MEHL N. SP. 
(Pl. ITI, Figs. 1, 2, 3, 4, 5) 


Type.—Catalogue No. 599 V.P., U. of Mo.: Two pieces contain- 
ing both internal and external molds of the left and part of the right 
half of the median plate of the dorsal shield with a considerable 
amount of the shield adhering; a fairly complete posterior median- 
dorsal spine; and a scale from the post thoracic capsule region. 

Type locality—Blacksmith Fork, Bear River Range, about 12 
miles southeast of Logan, Utah. 

Geologic occurrence.—A light-bluish-gray dolomite in the lower 
member of the Jefferson formation, Devonian. 

Description.—The median plate of the dorsal shield is tongue- 
shaped, 85 mm. long and 55 mm. wide, with greatest width slightly 

* William L. Bryant, ‘“‘On the Structure of Palaeaspis and on the Occurrence in the 
United States of Fossil Fishes Belonging to the Family Pteraspidae,”’ Proc. Amer. Phil. 
Soc., Vol. XLV (1926), p. 256-71. 











PLATE III 


Fics. 1-5.—Glossoidaspis giganteus Branson and Mehl (No. 599 V.P., U. of 
Mo.). Fig. 1, superior view of median-dorsal plate (natural mold of ventral side 
with parts of the plate adhering) with the right anterior part oriented in its ap- 
parently normal attitude from a more detached position in the matrix, X 1; Fig. 
2, inferior view of natural mold of dorsal surface of median unit with parts of 
the plate adhering, X 1; Fig. 3, details of outer surface of plate near its antero- 
lateral margin, X8.5; Fig. 4, median-dorsal spine slightly displaced in the 
matrix, 1; Fig. 5, an isolated body scute lying near the median-dorsal shield, 
X 2. 

Fics. 6 AND 7.—Glossoidaspis giganteus(?), innominate plates (Nos. 599 and 
598 V.P., U. of Mo.) of a size commensurate with the type of the species and 
with ornamentation that is identical with that of the type. 

Fic. 8.—Glossoidaspis(?). A hollow spine (No. 604 V.P., U. of Mo.) typical 
of the many that are found intimately associated with remains of Glossoidaspis, 
AI. 

FIGs. 9 AND 10.—Glossoidaspis sp. Inner view of ventral and a lateral(?) 
plate, possibly representing a small individual of G. giganteus, X1 (No. 597 


V.P., U. of Mo.). 
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in front of midlength. The anterior border is emarginate so that the 
length along the median line is about 80 mm. For a distance of 
about 15 mm. the postero-lateral margin next to the median line is 
conspicuously concave outward. Other than this and the anterior 
emargination the margin is regularly convex outward. At the median 
line the posterior margin is notched to a depth of 10 mm. or more for 
the reception of the dorsal spine. 

The shield is evidently somewhat crushed so that cross-section 
profiles are only approximations. Immediately in front of the dorsal 
spine notch is a heart-shaped flat area with apex forward. The area 
is about 25 mm. wide and is somewhat greater in length. From the 
anterior margin of this area the surface descends very gradually to 
its anterior margin so as to present a very slightly convex upward 
profile along the median line. From the postero-lateral margin of the 
flat area the surface of the plate descends comparatively rapidly for 
a short distance and thence less rapidly so as to present a slightly 
concave upward surface near the posterior and postero-lateral mar- 
gins of the plate. 

There is little evidence of a pineal opening although there is an 
elevation of the mold of the ventral surface at its median line about 
20 mm. in front of the posterior margin. The shield was split here, 
and this elevation may be a vagary of the fracture. 

The armor is approximately o.4 mm. thick without conspicuous 
increase at the margins. The structure of the bone is typically 
Pteraspid, viz., the material arranged in three distinct layers. The 
inner layer is laminar but dense. The material of the middle layer 
is more or less columnar in arrangement, constituting the walls of 
small polygonal vesicles. The outer layer is arranged in a series of 
narrow, parallel, flat-topped folds or ridges so closely crowded as to 
leave little more than sharp striations between. The ridges number 
about ten in a distance of 1 mm. or an average of about o.1 mm. in 
width. Along the center of each ridge is a row of minute sharp eleva- 
tions, about ten in a length of 1 mm. The fine ridges of the outer 
surface are more or less continuous as essentially concentric bands 
about the median area of the plate with additions by intercalation. 
Apparently normal growth was accomplished by addition of minute 
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ridges about the border with “resting stages,” indicated by slight 
irregularities and discontinuity of the ridges, that are reflected in 
wrinkles on the mold of the inner surface of the shield. In the speci- 
men at hand the first discernible wrinkle outlines a median-posterior 
area about 40 mm. long, measured from the posterior margin, and 
30 mm. wide at its midlength. Between the antero-lateral margins of 
the shield and the area thus outlined are about twenty of the ‘“‘rest- 
ing-stage wrinkles.’’ They are not regularly spaced in any one area 
but are much more closely crowded toward the lateral than the 
anterior margin. 

Broken from the slot in the median shield, but lying not far from 
its normal position, is the flat median spine. It is approximately 50 
mm. long, 1o mm. wide, and something over 1 mm. thick. This lat- 
ter measurement is undoubtedly less than normal, the result of com- 
pression. In cross section the spine seems to have been a very nar- 
row inverted V. In a lateral view the spine has a slightly concave 
upward superior margin. The inferior margin is rounded at the ends 
to meet the upper edge. The surface is marked by ridges that parallel 
the upper margin comparable to those of the dorsal shield. 

Except for the evidence of squamation other parts of the armor 
are too indefinitely associated with the type material to afford de- 
pendable information concerning this species. Several fragments of 
scales and one perfect unit suggest that the post-thoracic body was 
covered with scales of a structure essentially like that of the dorsal 
shield but considerably thicker. One scale is triangular in the outline 
of the ridged surface, 7 mm. long and 4 mm. wide. The ridges of the 
surface are coarser than those of the dorsal shield, averaging about 
six in a width of 1 mm., and apparently lack the minute tubercles. 
Growth was accomplished by addition of ridges to a set parallel to 
the base (the short side) of the triangle and another set parallel to 
one of the sides. 

Relationships.—There is no question but that the form here de- 
scribed stands closest to Pleraspis. The structure of the bone is like 
that described for Pleraspis, a structure apparently unique for that 
genus, excepting the present form. In Glossoidaspis the openings of 
the middle layer of the dorsal shield are somewhat larger than in 
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Pteraspis. All but the most minute details of the sculpture are like 
those common to Pteraspis and it is possible that the form here de- 
scribed should be considered a species of that genus. As indicated in 
another place there are parts less intimately associated with the type 
material that may well represent the present species and these would 
exclude it from the genus Pleraspis. These parts, the large size of the 
form, and its unique geographic and geologic record recommend a 
distinct generic reference. This is less misleading for stratigraphic 
purposes than a questionable reference to Pleraspis. Fragments from 
the Lower Devonian of Nova Scotia referred to a single species, 
Pteraspis crouchii, a typical European species, constitute the only 
other record of Pteraspids in North America. 

Remarks.—There are many fragments of bone in the collection 
from the type locality that are indisputably Pteraspid in character. 
In some cases the fragments may well represent Glossoidas pis gigan- 
teus for the rostral, orbital, cornual, and ventral plates may well have 
very different proportions from its nearest-known allies. Until more 
is known of the possible variations with age, the specific reference of 
these fragments is without justification. 

One fragment, almost certainly part of a dorsal shield, indicates 
an animal fully one-third larger than the type. The margin is con- 
spicuously thickened, a feature that may characterize the senile in- 
dividual of G. giganteus. 

Another specimen, the anterior part of a ventral shield, is too 
small to belong to this species unless the orbital plates have a much 
greater development on the ventral side of Glossoidaspis than in 
Pteraspis. This, of course, is possible, or the specimen may be of a 
young individual. Associated with this shield is an irregular plate 
that undoubtedly belongs to the rostro-lateral complex, but finds no 
ready analogy. Several fragments, more or less rhomb-shaped, sug- 
gest an exceptionally wide cornua or possibly a series of plates ar- 
ranged in an antero-posterior band in this region. 

One of the most puzzling associations is that of spines such as that 
indicated in Plate III, Figure 8. The spines are found in nearly all 
rock specimens containing remains of Glossoidaspis and have not 


been noted in association with remains of other fish genera. 
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The spines are essentially circular in cross section and very gently 
tapering. All are hollow and near the base show a linear excavation 
to the center along one side. The surface of well-preserved specimens 
show faint, closely spaced longitudinal striation. The spines range in 
size from diameter and length of 0.5 and 6 mm. to 4 and 40 mm. 
The latter figures are nearer the average. 

In no case is the association such as to indicate the anatomical as- 
sociation of the spines. Their relative abundance argues against the 
possibility that they represent an anterior prolongation of the ros- 
tral plate. It is more likely that they are of a post-dorsal shield spine 
series, each set consisting of several spines of various sizes. Such 
spines cannot be listed as generic or specific characters for there is no 
assurance that they do not represent an entirely different group. 


Dinichthys(?) jeffersonensis BRANSON AND MEHL N. SP. 


(Pl. I, Figs. 7, 8, 9) 


Type.—Catalogue No. 591 V.P., U. 
rior spine and postero-lateral margins of a Dinichthyid dorso-median 


of Mo.: The median-poste- 


shield of large size. 

Type locality Blacksmith Fork, Bear River Range, about 12 
miles southeast of Logan, Utah. 

Geological occurrence.—A blue-gray dolomite from the lower mem- 
ber of the Jefferson formation (about 200 feet above the base?), 
Devonian. 

Description.—The medio-dorsal shield is broadly arched from side 
to side and of large size, probably over 300 mm. wide. The postero- 
lateral margins are straight for a distance of at least 110 mm. from 
the median line where they meet in a point and form an angle of 
115°. The median-posterior process is comparatively short and stout 
and descends at an angle of about 40° from the plane of the dorsal 
surface. The process is roughly spoon-shaped, concave downward, 
with broadly rounded posterior margin. At the posterior end of the 
shield the process is 22 mm. wide and 35 mm. deep. It is 50 mm. long 
and 41 mm. wide near its posterior end. A deep, thin keel extends 
from the ventral surface of the plate proper along the posterior face 
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of the process to within about 30 mm. of its posterior end where it is 
confluent with the cupped surface of the process. 

Relationships.—The remains clearly represent a Dinichthyid of 
large size, but there is no certainty as to its generic position. In the 
absence of the anterior margin of the plate it might belong to 
Dinichthys or Hussakofia equally well. The rounded, cupped termi- 
nus of the ventral keel is suggestive of the condition in the European 
Heterostius.. The outline of the posterior margin and the peculiar 
development of the spine are sufficiently distinctive to warrant 
definite specific reference. 

Piyctodus; cf. P. calceolus 

Several teeth identified by the writers as Ptyctodus calceolus have 
been collected from the Jefferson formation slopes in Blacksmith 
Fork Canyon of the Bear River Range, near Logan, Utah. It is 
thought that these teeth come from about 200 feet above the base of 
the formation, but the stratigraphic relation is not known with cer- 
tainty. 

SUMMARY AND CONCLUSIONS 

Of the six fish genera recognized in the lower part of the Jefferson 
formation three, Aspidichthys, Dinichthys(?), and Ptyctodus, have 
been recognized elsewhere and their stratigraphic range recorded. 
Judged from this evidence alone, the Lower Jefferson is to be con- 
sidered of Middle or Upper Devonian age or both with the prospects 
that an actual division into Middle and Upper Devonian will ulti- 
mately be made based on the evidence of the fishes after more sys- 
tematic collecting is done. 

However, the problem is complicated by the evidence of the other 
three genera. These, although new, are in each case closely allied to 
a previously described genus of known stratigraphic distribution. 
Glossoidas pis, because of its similarity to Pteraspis, might well be 
considered as of Lower Devonian age. The Palaeaspid, Cardipeltis, 
bespeaks a Silurian age, and Camplas pis might well be Lower, Mid- 
dle, or Upper Devonian. 


‘A. Heintz, ‘‘Eine neue Reconstruktion von JHeterostius,”’ Sitsungsberichten der 
Naturforscher-Gesellschaft bei der Universitat Tartu (Dorpat), Band XXXVI, Heft 
3-4 (1930). 
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As pointed out in the introductory paragraphs, all of the fish re- 
mains herein described are thought to have come from the lower 200 
feet of the Jefferson formation which in Blacksmith Fork Canyon 
has a total thickness of over 2,000 feet. In the light of these facts it 
is evident that the present knowledge of the Jefferson fish fauna is of 
little value in differentiating the several parts of this dolomite series. 
The presence of several fish genera, for the most part recognizable 
from small scraps because of peculiarities of ornamentation, en- 
courages the belief that logical subdivisions with accurate correla- 
tions can ultimately be made of this thick, generally unfossiliferous 


series. 





THE STRUCTURE OF THE SIERRA MAESTRA 
NEAR SANTIAGO DE CUBA 


STEPHEN TABER 
University of South Carolina 


ABSTRACT 

The rocks of the Sierra Maestra near Santiago de Cuba are chiefly well-stratified, 
volcanic breccias and tuffs, with interbedded limestones and andesitic intrusives. The 
mountains are simple block mountains, uplifted along normal east-west faults and tilted 
toward the north. The uplift and tilting have accompanied the subsidence of the great 
Bartlett Trough that lies between Cuba and Jamaica. 

The fault blocks are of different age. The oldest, and highest, forms the coastal ridge 
west of Santiago Bay. It possibly received part of its present elevation during the 
Pleistocene, but the uplift has continued intermittently down to the present time. The 
Sierra de Boniato, farther inland and northwest of Santiago, has been uplifted in post- 
Pleistocene time. Immediately in front of it on the south is a lower ridge, known as the 
Puerto Pelado, with scarp so fresh that its age must be measured in hundreds of years 
rather than tens of thousands. The region is unstable, and the displacements may be 
expected to continue at any time. 


INTRODUCTION 


The Sierra Maestra extends along the south coast of Cuba from 
Cape Cruz to Cape Maysi, a distance of 235 km., and forms part of 
the northern rim of the Bartlett Trough. The structure and geologi- 
cal history of the Sierra Maestra are, necessarily, closely related to 
the structure and history of the great trough. In December, 1930, 
the writer made a geological reconnaissance of the Sierra Maestra 
in the vicinity of Santiago and was able to obtain additional data on 
the nature of recent crustal movements in this region.’ Since our 
knowledge of the deep submarine troughs is very meager, any addi- 
tional information is of value. 

The paved highway (Carretera Central) from Havana to Santiago, 
recently completed through the mountains, together with the numer- 
ous construction roads along the line of the new Santiago aqueduct, 

* Most of the data presented in this paper were obtained while making a geological 
examination along the line of the new Santiago aqueduct and at proposed reservoir sites 
on the Cauto, Cafias, and Guanfnicum rivers for the Department of Public Works of the 
Republic of Cuba. The writer desires to acknowledge his indebtedness to Sr. Eduardo 
I. Montoulieu, of the Department of Public Works, who accompanied him on most of 
his trips. The thorough acquaintance of Sr. Montoulieu with the region and his very 
efficient assistance made it possible to accomplish much in the relatively short time 
that was available. 
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made the region immediately west of Santiago much more accessible 
than it has been in the past. Also, the extensive excavations along 
both highway and aqueduct, as well as at some of the proposed dam 
sites, furnished rock exposures that were unusually good for the 
tropics. 

GEOGRAPHY 


The major topographic features in the area studied are roughly 
sketched on the contour map (Fig. 1), which has been compiled from 
Chart 2611 of the Hydrographic Office, United States Navy, from 
surveys by the Department of Public Works and from barometer 
readings and observations by the writer. 

The name Sierra Maestra is in general use for the entire range of 
mountain ridges found along the south coast of the Province of 
Oriente; but, locally, the name is also commonly applied to the most 
prominent ridge, and this, in some cases, has caused much confusion. 
In this article the name is used for the entire range and also for the 
well-defined divide that follows close to the straight east-west coast 
from Cabo Cruz to Santiago Bay. This ridge attains an altitude of 
2,005 m. (6,560 feet) in Pico Turquino, the highest point in Cuba, 
75 km. west of Santiago Bay. Near its eastern end the ridge bifur- 
cates into two spurs separated by the Arroyo Hermitafio. The north- 
ern spur is locally known as the Sierra de Cobre, and some writers 
have extended this name to the main ridge. 

Between Santiago and Guantanamo bays the principal ridges 
trend northwest-southeast, but east of Guantanamo Bay and as far 
as Cabo Maysi the main ridge of the Sierra Maestra again parallels 
the coast. 

On the north, the Cobre spur of the Sierra Maestra is separated 
from another, overlapping, east-west ridge, with precipitous, south- 
facing scarp, by the broad valley of the Rio Cobre. The latter ridge 
has been called the Sierra de Boniato in several publications,’ but it 
is locally known as the Sierra Maestra. In order to avoid confusion 
with the coastal ridge the former name will be used in this paper. 

*C. W. Hayes, T. W. Vaughan, and A. C. Spencer, Report on a Geological Recon- 
naissance of Cuba (Washington, 1901); Waldemar Lindgren and Clyde P. Ross, “The 
Iron Deposits of Daiquiri, Cuba,” Trans. Amer. Inst. Min. Eng., Vol. LIT (1915), pp. 
40-59. 
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The Sierra de Boniato (see Fig. 
2) continues eastward, at an av- 
erage elevation of about 1,500 
feet, for 25 km., until it joins the 
mountain ridges west of the 
Santiago embayment at the 
Paso de la Barbacoa, through 
which passes the road from San- 
tiago to Cristo. A low divide, 
known as the Paso del Maniel, or 
Puerto del Maniel, separates the 
head of the Cobre Valley from 
the drainage basin of the Rio 
Canfas. 

Paralleling the eastern half of 
the Sierra de Boniato on the 
south is a lower ridge (see Fig. 
3) known as the Puerto Pelado 
(literally, Barren Pass). The 
ridge is barren enough, but it is 
difficult to understand how the 
term puerto came to be applied 
to a ridge having such a precip- 
itous scarp on the south that it 
is not crossed by a single trail. 
The Puerto Pelado is separated 
from the Sierra de Boniato by a 
through valley, called the Cerca 
de Piedra (inclosure of stone), 
with drainage both east and 
west. 

Between the Puerto Pelado 
and Santiago Bay is an irregular 
range of hills, several hundred 
feet high. They extend in a gen- 
eral east-west direction and rise 
rather abruptly from the low 
ground north of the bay. 
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North of the Sierra de Boniato is the broad featureless valley of 
the Guaninicum-Cauto system, which drains westward into the Gulf 
of Guacanayabo. The largest stream flowing south is the Rio San 
Juan, which has its headwaters in Barbacoa Pass, in Cerca de Piedra, 
and along the western slopes of Pico Escandel. It enters the ocean 
about 5 km. east of Santiago Bay. 

The mountains of the Sierra Maestra are much more imposing 
than their relatively low elevations would lead one to expect, for 
their scarps are extremely precipitous and they rise abruptly from 
the ocean or from valleys that are close to sea level. 
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Fic. 3.—Sierra de Boniato and Puerto Pelado as seen from Santiago. Camera was 
facing N. 20° W. 


The meager rainfall records available indicate an annual precipita- 
tion of about 95 inches in the basins of the Cafias, Cauto, and Guani- 
nicum rivers, and about 36 inches at Santiago. There is a well- 
defined dry season at Santiago during the period from December to 
March.' 

Vegetation is much more abundant on the northern slopes of the 
major divides, partly because of the greater rainfall and partly be- 
cause the slopes are less steep. The increase in vegetation is also 
very abrupt in passing westward from the Cobre Valley across the 
low divide into the valley of the Cafias River. 


‘The rainfall estimates are based on incomplete records kept at the Colegio de 
Nuestra Sefiora de los Dolores in Santiago for the years 1920-30, and on observations 
by the staff of the Secretaria de Obras Publicas in the Cafas, Cauto, and Guanfnicum 
valleys during the period September, 1929, to November, 1930. 





ee 


mes 











STRUCTURE OF THE SIERRA MAESTRA 537 


THE ROCKS 


The Cobre series.—The Cobre series covers most of the area ex- 
amined, except where igneous intrusives occur or where these older 
rocks are covered by the La Cruz marl of the Santiago embayment. 
The most abundant and most widely distributed rocks are volcanic 
breccias and tuffs. 

The breccias are made up of angular to subangular fragments, 
chiefly andesitic in composition, and light green, reddish brown, or 
gray in color. The fragments vary in size up to blocks having diam- 





Fic. 4.—Volcanic breccia exposed in the bed of the Rio Cauto north of Solis. Passing 
upward from stream level, the breccia becomes coarser in texture. 


eters of over a meter (see Fig. 4). At one place a block 2 m. in 
diameter was seen. No glassy material was identified. Fragments of 
white marble were found in two drill cores: one from the Rio Cauto 
northwest of Dos Palmas, the other from the Rio Cafias, 3 km. 
southwest of La Clarita. The rock is rather porous and, even where 
freshest, shows much alteration with the formation of calcite, chlo- 
rite, zeolites, epidote, and other secondary minerals. 

The tuffs are mostly light to dark gray in color and in places show 
gradations into limestones and shales. 

Except where coarsest, the volcanic clastics are well stratified; 
and, where they can be traced for long distances, as in the south- 
facing scarps of the Sierra de Boniato and the Puerto Pelado, the 
strike and dip are remarkably uniform for such materials. The 
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coarsest breccia was found chiefly in the western half of the area 
studied. The material forming the breccias and tuffs seems to have 
been deposited very largely, if not entirely, in water, for, in addition 
to being well stratified, these rocks are interbedded with limestones, 
and in places grade into them. 

Interbedded lava flows are to be expected, and they have been re- 
ported by several geologists, but they certainly do not make up any 
considerable part of the volcanic series in the area immediately north 
and west of Santiago. In the Hayes-Vaughan-Spencer report it is 
stated that the higher portion of the Sierra Maestra is made up of 
volcanic flows and breccias, which extend across the valley of the 
Rio Cobre; and Section 6 on Plate I of the report indicates that the 
northern slope of the ‘Sierra de Cobre”’ (Sierra Maestra) is made up 
of volcanic flows.’ 

Moffet refers to a series of andesite and rhyolite flows interbedded 
with the breccias and tuffs at the copper mines of Cobre.? Spencer 
states: 

The rocks exposed along the crest of the Sierra Maestra are coarse, well- 
stratified volcanic breccias, but upon the north slope these soon pass beneath 
strata showing an alternation of marine sediments and fine-grained volcanic 
tuffs, which are, in turn, covered by flows of basalt and still other fragmental 
volcanic deposits.3 
The section described by Spencer is located back of Daiquiri* and 
was not examined by the present writer. 

Some lava flows may be present in the localities visited by the 
writer, but it was impossible to identify them as such because of 
poor exposures. Since some of the dike rocks are amygdaloidal in 
structure it is difficult to distinguish between flows and intrusives 
except where the exposures are good. 

™C. W. Hayes, T. W. Vaughan, and A. C. Spencer, Informe Sobre un Reconocimiento 
Geolégico de Cuba (translated from the English by Pablo Ortega y Ros; 2d ed.; Havana, 
1925), p. 29 and Plate I, opposite p. 64. 

2F. H. Moffet, “The Copper Mines of Cobre, Santiago de Cuba” (abst.), Amer. 
Geol., Vol. XXXII (1903), p. 64. 

3 A. C. Spencer, ‘“Manganese Deposits of Santiago, Cuba,” U.S. Geol. Surv. Bull. 213 
(1902), p. 251. 


4 Personal communication from Dr. A. C. Spencer. 
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Interbedded limestones are quite common in the Cobre series and 
seem to consist of two somewhat different types. One type is a dense- 
textured rock occurring in thin beds (see Fig. 5) that are reddish 
brown or green in color. Plagioclase feldspars and other fine-grained 
tuffaceous material may be identified under the microscope; and in 
two specimens that were analyzed the volcanic material made up 





Fic. 5.—Bed of tuffaceous limestone in cut along Carretera Central 5 km. north- 
west of Santiago. 


from 44 to 62 per cent of the rock. Foraminifera were also recognized 
under the microscope, but, because of poor preservation, they could 
not be identified. These rocks were found outcropping at several 
places along the Carretera Central, at Charco Mono on the Rio 
Cafias, and half way up the scarp of the Sierra de Boniato on the 
road (Caminacita del Islefic) that climbs the ridge a short distance 
west of the western end of the Puerto Pelado. 

Similar limestones were found in the bed of the Rio Guaninicum, 
6 km. southeast of Cristo. In this vicinity one of the limestone beds 
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consists largely of foraminifera which have been identified by Cush- 
man as Eocene." 

The other type of limestone is a white or light-gray rock, nearly 
free from impurities, in which bedding is absent or poorly developed. 
It is sometimes slightly cavernous, and in places shows traces of 
fossils, usually coral, though they are so poorly preserved as to make 
identification difficult. 

A few fossils were collected from an outcrop on the lower slope of 
the Sierra de Boniato, about 4 km. northeast of Cobre, where a small 
limestone quarry known as La Gloria was operated during the con- 
struction of the aqueduct. Dr. T. W. Vaughan, who kindly exam- 
ined the coral, states: 

Four, perhaps five, species are represented, and these seem to belong to four 
different genera. One of the genera is Stephanocoenia, and another seems to be 
Cyathophora. The presence of Cyathophora indicates a Mesozoic age, not younger 
than middle Cretaceous and perhaps somewhere in the Jurassic. 

A crab claw in the collection was examined by Dr. Mary J. Rathbun, 
who reported as follows: 

The crab claw from Cuba is new to me, but I believe it to belong to the genus 
Lobonotus. The only described species of the genus are L. mexicanus mihi from 
the upper Eocene of Lower California, and L. sculptus A. Milne Edwards from 
the Oligocene of Haiti. 

Limestones of this second type occur at several localities in the 
region around Dos Palmas and form the crest of the ridge known as 
the Lomas de Uragua. At an outcrop 3 km. southwest of Reposo the 
limestone contains a few angular fragments of volcanic material 
ranging up to 7 cm., or more, in diameter. Limestone interbedded 
with breccia outcrops in the trail on the south side of the Arroyo 
Hermitafio at an elevation of 1,360 feet, and about 350 m. from the 
crest of the Sierra Maestra. Limestone is reported to outcrop along 
the crest of the Cobre spur near its junction with the Sierra Maestra. 

On the northern slope of the Sierra de Boniato and in the Guanini- 
cum valley southeast of Cristo the proportion of marine sediments 
to volcanic material increases markedly. 


1 J. A. Cushman, ‘Fossil Foraminifera from the West Indies” in “Contributions to 
the Geology and Paleontology of the West Indies,’”’ Carnegie Inst. of Wash. Pub. No. 
291 (1919), p. 29; E. F. Burchard, ““Manganese-Ore Deposits in Cuba,” Trans. Amer. 
Inst. Min. Eng., Vol. LXIII (1920), pp. 55, 72. 
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The total thickness of the Cobre series is difficult to determine be- 
cause of faulting and the absence of easily recognized and widely 


distributed key beds. A careful study of the limestones might sup- . 


ply the information. The maximum thickness is certainly great, 
possibly 15,000 feet or more. 

The age of the different rocks within this series is somewhat un- 
certain. The beds at the base of the series are apparently Cretaceous 
or older, and near the top they are Upper Eocene. The rocks at the 
iron mines east of Santiago probably belong to the same series, and 
in a limestone at Daiquiri, 25 km. east of Santiago Bay, fossil coral 
and sponges were found, which were identified by Dr. Vaughan as 
Mesozoic and probably Cretaceous." 

La Cruz marl.—The La Cruz marl occupies a considerable area 
in the vicinity of Santiago Bay. It was laid down on tilted and 
eroded beds of the Cobre series within a baylike indentation of the 
land. The former extent of the marl is unknown, as it is abruptly 
cut off by faulting along the present coast. The formation was 
studied and named by Vaughan, who considers it Middle Miocene.” 
It was not examined in any detail by the writer. 

Seboruco.—Along the coast, modern, coral limestone rests on the 
La Cruz marl and on the older igneous rocks east and west of the 
Santiago embayment. The coral rock, known locally as seboruco, 
has been lifted high above sea level and veneers many of the coastal 
terraces. 

Intrusive igneous rocks.—Intrusive igneous rocks were found to be 
most plentiful in the area southwest of the Carretera Central and 
especially on the slopes of the Sierra Maestra. They vary in texture 
and composition, but have evidently been derived from a common 
magma. With the exception of the basalts, most of the rocks are 
porphyritic. Plagioclase feldspar, ranging in composition from labra- 
dorite to anorthite, is the dominant mineral, and in some cases little 
else is present. The feldspars frequently show zoning. Potash feld- 

1 J. T. Singewald, Jr., and B. L. Miller, “The Genesis and Relations of the Daiquiri 
and Firmeza Iron Ore Deposits, Cuba,” Trans. Amer. Inst. Min. Eng., Vol. LIII (1915), 
pp. 67-74. 

2T. W. Vaughan, ‘Correlation of the Tertiary Geologic Formations of the South- 
eastern United States, Central America, and the West Indies,”’ Jour. Wash. Acad. Sci., 
Vol. VIII (1918), pp. 268-76. 
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spar and primary quartz are rare in most of the dike rocks. The 
ferromagnesian mineral is usually pyroxene but sometimes horn- 
blende. Magnetite is usually present and is abundant in some local- 
ities. 

Most of the rocks are here classed as andesite, although the feld- 
spars are rather high in calcium. It is unusual to find feldspars of 
this type in rocks having such a small percentage of the ferromag- 
nesian minerals. Some of the rocks are also coarser in texture than 
the typical andesites. 

Cavities, now filled with amorphous silica, quartz, and chlorite, 
are abundant in some of the rocks, even where they have a relatively 
coarse porphyritic texture. Quartz may occupy the center and be 
surrounded by opal, or this arrangement may be reversed. Some 
cavities contain more than one layer of quartz. Chlorite, when pres- 
ent, usually forms an outer rim around the other minerals. The 
feldspars commonly show alteration to calcite. 

Dikes are especially numerous in the vicinity of Solis; and as 
blasting had been done on several of them, it was possible to obtain 
fairly fresh specimens. The dikes here have a northerly strike, and 
dip at steep angles, mostly toward the west but in some cases toward 
the east. 

The largest dike at Solis (see Fig. 6) is an andesite porphyry with 
numerous phenocrysts of anorthite, ranging up to 7 mm. or more in 
diameter, and a few slightly smaller crystals of augite. The ground- 
mass is chiefly anorthite with a few grains of magnetite and much 
chlorite. 

The smaller dike a little to the west is similar in composition, 
but is somewhat finer grained and contains quartz-opal amygdules, 
some of which are over a centimeter in length. The dike 400 m. 
east of the large one is a fine-grained, light-gray, andesite porphyry, 
which, under the microscope, is seen to consist almost entirely of 
plagioclase, with only a small percentage of pyroxene and other 
minerals, chiefly calcite, chlorite, and magnetite. 

The dike exposed in the river bed near the northern boundary of 
the map (Fig. 6) is a light-brown, felsite porphyry consisting chiefly 
of plagioclase with a little chlorite, magnetite, and quartz, some of 


which may be primary. 
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Three hundred meters farther east, in the bed of the Arroyo de la 
Sucursal, a tributary of the Cauto, a porphyry is exposed that has 
phenocrysts of plagioclase, near anorthite, 2-3 cm. in diameter. The 
groundmass is relatively fine grained, and consists of plagioclase, 
pyroxene, magnetite, and chlorite. 

At several places in the Cauto drainage basin and also near the 
aqueduct 5 km. northeast of Cobre, there are outcrops of a dense- 





Geologic Map at Solis 
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Fic. 6.—Map of Rio Cauto at Solis, showing old dissected stream terrace and dikes 
cutting beds of volcanic breccia. 


textured andesite which has a light pink color. Aside from the plagio- 
clase, which occurs partly in crystals large enough to be seen with 
the unaided eye, it seems to contain nothing but a little fine-grained 
magnetite, hematite, and, in some specimens, chlorite. 

In a tunnel at Charco Mono on the Rio Cafias a porphyry was 
exposed which contains a few orthoclase phenocrysts showing Carls- 
bad twinning although most of the phenocrysts are plagioclase. The 
groundmass consists chiefly of plagioclase with much magnetite and 
a little chlorite and calcite. 

As one climbs the north slope of the Sierra Maestra ridge west of 
Cobre, the andesitic intrusives increase in abundance and become 
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more plentiful than the breccias. The south slope consists almost 
entirely of intrusives, chiefly diorite and andesite; but at a point 
4 km. from the coast, and at an elevation of only about 500 feet, an 
intrusive breccia was found in which the included fragments con- 
sisted of volcanic breccia. 

Near the crest of the ridge on the south side an amygdaloidal 
andesite porphyry was found. The rock contains numerous pheno- 
crysts of plagioclase and a few pyroxene crystals, the groundmass 





Fic. 7.—Small laccolith of columnar basalt in the Puerto de Moya 


consisting chiefly of plagioclase with much magnetite and some 
pyrite. The cavities have been filled with opal, quartz, and chlorite. 

At the coast the rock is a quartz diorite containing numerous dark- 
green hornblende phenocrysts, 2 cm. or more in length. The rock 
contains no pyroxene and little or no orthoclase. Magnetite is 
abundant, and some of the hornblendes show alteration to chlorite. 

Columnar basalt, in the form of dikes and small sills or laccoliths 
(see Fig. 7), is found along the Carretera Central north of Santiago 
and at several places in the vicinity of the Puerto de Moya, where 
the highway crosses the western end of the Sierra de Boniato. The 
basalts are probably younger than the andesites, as they differ more 
from the breccias in composition than do any of the other igneous 
rocks of the area. 
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TECTONICS 

The Sierra Maestra has usually been attributed to folding; but 
folding has not been a factor in producing the present topography of 
the region studied, and it has probably been of little importance in 
the development of the structure, or of the earlier topography of 
Tertiary and Pleistocene times. The existing mountains are due to 
direct uplift accompanied by faulting and the tilting of large crustal 
blocks toward the north. They are simple block mountains in differ- 
ent stages of uplift and erosion. 

The general strike of the strata is approximately east and west, 
varying a few degrees in different localities. The dips are almost in- 
variably toward the north; and, while the angle of dip varies con- 
siderably, the beds are more steeply inclined on the average in the 
southern part of the area. Along the northern flank of the Sierra 
Maestra near Cobre the dips are around 60°—70°, while on the gentle 
slopes north of the Sierra de Boniato and in the region around Solis 
and Dos Palmas the dips average 20° or less. 

For a short distance along the Carretera Central north of Santiago 
the beds are nearly vertical, possibly because of local faulting; and 
a similar high inclination was observed in a small area near the top 
of the Barbacoa Pass south of Cristo. Southerly dips were observed 
in only two places: on the Guaninicum River southeast of Cristo, 
and on the Cafias River southeast of Reposo. At the latter place 
there are slickensides along the bedding planes of a tuffaceous lime- 
stone, and the writer suspects that the reversed dip here is due to 
monoclinal flexing. 

A gentle syncline, a few hundred feet wide, with the axis pitching 
in a north or northeasterly direction, is exposed along the Carretera 
Central 2 km. southeast of Reposo. 

A small fold thrust, exposed in the side of the Arroyo de la Mina 
about 240 m. southwest of its junction with the Guaninicum River 
southeast of Cristo, is the only clear evidence of compressive forces 
observed. The anticline, with axis running north and south, is not 
more than 5 m. wide, and the fault displacement is only a few centi- 
meters. This and all of the other departures from the normal north- 
erly dip may be attributed to purely local forces that have resulted 
from the major earth movements. The tuffs and breccias, although 
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relatively very weak rocks, are entirely lacking in schistosity or 
other evidence of compression. 

Sierra Maestra fault block.—The Sierra Maestra fault block is 
topographically older than the others in the district, as is shown by 
its much greater dissection. The south-facing scarp is deeply in- 
cised by the short streams that drain toward the ocean, although the 
rocks into which the valleys have been cut are the most resistant 
rocks of the area. The recently formed terraces along the coast and 
the occasional earthquakes accompanied by the sea waves give evi- 
dence that the uplift of the mountain front is continuing. 

The back slope of the block is relatively gentle, though near the 
crest of the ridge it is much steeper than the northern slopes of the 
other ridges in the district. This difference between the Sierra Maes- 
tra and the other ridges is due to the greater uplift of the former and 
to the more resistant intrusive rocks near the crest, together with 
the erosion of the less resistant breccias that predominate on the 
lower slopes. 

The Canfas and Cauto rivers have been rejuvenated by the uplift 
and tilting of the block, thus enabling them to intrench meanders 
that had developed when they flowed in broad valleys at a lower ele- 
vation (see Figs. 1 and 8). If all of the area had been mapped with 
equal accuracy, additional meanders would be shown on the map. 
The modern canyons of the Cafas and Cauto have been cut to a 
depth of 20-50 m. below the floors of the old valleys. Stream ter- 
races at different elevations indicate that the uplift did not occur all 
at once (see Fig. 6). At present these streams are busily deepening 
their valleys, and therefore much rock is exposed in their beds. 

If a general uplift had occurred instead of the northward tilting, 
the Rio Cauto would have been rejuvenated near its mouth rather 
than near the headwaters of its tributaries. 

The relatively steep dips along the north flank of the Sierra 
Maestra are, in large part, due to earlier uplifts. The precise nature 
of these earlier tectonic movements may be difficult to determine, 
but no evidence was found that would indicate they were different 
from the recent tilting. There must have been some initial dip in 
the volcanic ejectamenta, especially where it is coarsest; but the di- 
rection is unknown. 
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The large amount of intrusive rock exposed along the flanks of the 
Sierra Maestra as compared with the areas farther north may, in 
part, be due to proximity to the loci of volcanic activity; but the 
much greater amount of erosion here, where the uplift has been 
greatest, is undoubtedly another factor. While the presence of very 
coarse material in the breccia is indicative of nearness to volcanic 
vents, it will be necessary to map a much larger area before these 
vents can be located even approximately. 





Fic. 8.—View up the Rio Cafias and the Valley of the Rio Frio. The Cajfias, in 
making a hairpin bend, flows toward the left, back of the low ridge with the high palms, 
and, after joining the Rio Frio, flows toward the foreground. 


In the area mapped, no trace was found of the older rocks on 
which the volcanic series must have been laid down. Near the 
Guantanamo naval station, however, schists occur that are probably 
Paleozoic or older.’ 

The structure of the Uragua hills and the Dos Palmas hills was 
not studied. They are possibly due to differential erosion. 

Sierra de Boniato fault block.—The southern scarp of the Sierra 
de Boniato is furrowed by short dry gullies, the dissection being 
somewhat greater along the western half of the scarp (see Fig. 9). 
Because of insufficient erosion, triangular facets are poorly devel- 
oped, with the exception of one good facet near the east end of the 

*N.H. Darton, “Geology of the Guanténamo Basin, Cuba,” Jour. Wash. Acad. Sci., 


Vol. XVI (1926), pp. 324-26. 


cine Sabet nceoes. 
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range, which may be seen over the crest of the Puerto Pelado from 
elevated points in Santiago. Alluvial fans and talus slopes are ab- 
sent. In places along the base of the scarp a deep narrow ravine is 





Fic. 9.—Sierra de Boniato fault scarp as seen from a point 10 km. northwest of 
Santiago. 


found running parallel to the ridge, and some of the spurs separating 
the gullies show side hill ridges such as are indicative of recent 


displacements. 











Fic. 10.—Block diagram of the Puerto Pelado and Sierra de Boniato fault blocks 


The precipitous fault scarp on the south side of the Sierra de 
Boniato is in marked contrast to the gently inclined dip-slope on the 
north (see Fig. 10), where the broad shallow valleys of an old erosion 
surface reach to the crest of the divide. The northward slope of the 
ground is slightly less than the dip of the rock strata, a fact which 
indicates that the land had been given a gentle northerly tilt and 
subjected to erosion before the uplift of the present Sierra. 
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The Sierra de Boniato broadens out near the western end; and, 
when viewed from a distance (see Fig. 2), a distinct terrace, probably 
an old erosion surface, may be seen at the top of the scarp with 
higher points rising from it a little farther to the north. 

The differential uplift at the west end of the mountain block seems 
to have been accomplished by distributed cross-faulting, rather than 
by flexing, for closely spaced, normal faults of small displacement 
are exposed in the road cuts of the Puerto de Moya at the west end 











Fic. 11.—Small faults marked by white veinlets. Highway cut at the Puerto de 
Moya. 


of the Sierra de Boniato, where the fault scarp gradually dies out. 
In fact, the rock strata are here much shattered by the movements. 
The fault fractures are commonly marked by thin white veins of 
calcite and other secondary minerals (see Fig. 11). 

Puerto Pelado fault block.—The Puerto Pelado is the smallest of 
the tilted fault blocks. Its scarp is so fresh that it is not even fur- 
rowed by gullies; and, from a distance, the rock strata may be seen 
outcropping on the face of the scarp in horizontal lines which may 
be followed for several miles (see Figs. 12 and 13). The north slope 
is an old erosion surface with relatively mature valleys. The upper 
part of one of these valleys, which has been beheaded by the faulting 
so that it notches the crest of the ridge, is shown in Figure 14. Be- 
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cause the valleys collect the rainfall and concentrate the runoff, 
small youthful ravines have begun to extend upward into the valleys 
4 from the base of the slope. 





Fic. 12.—Puerto Pelado fault scarp near its eastern end. The Sierra de Boniato 
shows above the crest of the ridge. Carretera Central in middle foreground. Note the 
slight irregularities in the crest of the ridge due to valleys cut in the back slope; also 


the mature topography in the foreground. 


a Sent 





Fic. 13.—Puerto Pelado fault scarp as seen from a point near the western end. The 
opposite side of the ridge at this point is shown in Figure 14. 


The through valley (Cerca de Piedra) between the Puerto Pelado 
and the Sierra de Boniato has a low indistinct divide about midway 
its length. The valley floor is of rock or thin residual soil, there being 
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almost no transported rock waste. Low, narrow, discontinuous 
ridges, characteristic of fault-zone topography, are present, espe- 
cially along the north side of the valley. 

Slickensides and fault striae, indicating vertical or nearly vertical 
displacements, were exposed in excavations near the base of the 
Sierra de Boniato and Buerto Pelado scarps. 

The topography north and east of Santiago cannot be attributed 
to folding, for the dip of the rock strata is almost invariably in one 





Fic. 14.—Crest of the Puerto Pelado from the north. The notch in the sky line is 
due to the valley being beheaded at that point by the fault which forms the opposite 
side of the ridge (see Fig. 13). 


direction. Neither can it be explained by differential erosion. The 
stratified rocks, other than the limestones, differ little in their re- 
sistance to erosion. The limestones are more resistant, but they are 
not sufficiently extensive in most places to have any effect on the 
topography. The southern slopes of the Sierra de Boniato and Puerto 
Pelado would be greatly dissected if the through valleys separating 
the parallel, east-west ridges had been cut by erosion. An enormous 
amount of material would have to be removed by the stream systems 
flowing into Santiago Bay, whereas there is only a moderate amount 
of alluvial material deposited around the Bay, and soundings near 
the entrance indicate the absence of a large submerged delta. In 
contrast the Rio Cauto, which, with its tributaries, drains the north 
side of the divide, has built a very large delta. 
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The rocks exposed in the face of the scarps are relatively fresh, 
considering the depth of residual decay in this region at places where 
the streams are not actively deepening their channels. 

The persistent, rectilinear scarps of the Sierra de Boniato and 
Puerto Pelado cannot be explained otherwise than as fault scarps, 
and the topographic evidences of recent displacements are much 
clearer than those that may be observed along similar faults in 
California, although the rainfall near Santiago is greater. 

Opportunity for study of the structure of the mountains east of 
Barbacoa Pass was very limited, but the evidence available indi- 
cates that the recent tectonic movements there have been similar 
to those that have tilted the other mountain blocks of the area. The 
Rio Guaninicum southeast of Cristo is a rejuvenated stream now 
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Fic. 15.—Profile across Rio Guaninicum Valley, showing two broad terraces. Scale 


I: 40,000. 


flowing on bed rock. At a point 5 km. from Cristo two broad flat 
terraces are found on the southwest side of the river with a high cliff 
on the opposite side (see Figs. 15 and 16). 

Because of lack of time, almost no field study could be given to the 
range of hills south of the Puerto Pelado or to the terraced area, 
consisting chiefly of Miocene marl, which surrounds Santiago Bay. 
The hills may be due to faulting, but, if so, they are topographically 
older than the fault blocks described above. The few facts available 
suggest that the Miocene area has shared, in part at least, in the 
uplift and northward tilting of the mountain block west of the bay. 
Along the coast east of the bay, cliffs over 200 feet high are veneered 
with Recent coral limestone. The Rio San Juan drains to the sea 
through a gorge 500 feet wide at La Laguna, while farther inland it 
flows on a valley fill, into which wells have been sunk to a depth of 
170 feet without reaching the coral bed rock, except along the bor- 
ders of the valley, where it is near the surface.’ 


*M. L. Fuller, ‘Notes on the Hydrology of Cuba,” U.S. Geol. Surv. Water-Sup ply and 
Irrigation Paper, No. 110 (1904), p. 192. 
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Santiago Bay and its narrow entrance are analogous to the valley 
and gorge of the Rio San Juan, but the streams now entering the 
bay are incompetent to have cut this drowned valley while the San 
Juan was excavating its gorge barely to present sea level. These 
features suggest that the uplift of the fault blocks north of the city 
has been accompanied, perhaps, by some stream diversion. 

The contact between the La Cruz formation and the older rocks 
was examined at only one place, a cut on the Carretera Central north 





Fic. 16.—Lower terrace in Guaninicum Valley as seen from edge of upper terrace 


of Santiago, and here the exposure, because of weathering and 
slumping, was not good. The contact appeared to be rather steeply 
inclined, perhaps 30°, and there were large angular fragments of 
white limestone near the contact, which graded into waterworn cob- 
bles within a short distance. 

No less than eight marine terraces have been distinguished by 
Hayes, Vaughan, and Spencer in the vicinity of Santiago, the most 
prominent being the Morro terrace, elevation 280 feet (85 m.), the 
Cathedral terrace, at 100 feet (30 m.), and the coastal terrace at 20 
feet (6 m.). The highest terrace, having an elevation of about 400 
feet (120 m.), is greatly dissected. In the northern part of the city 
there is a terrace with elevation of between 60 and 70 feet (18-21 m.), 
and along the shores of the bay are three benches between the 20-foot 
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terrace and water level.' Because of differential displacement and 
tilting of the crustal blocks near Santiago, it is difficult to correlate 
and trace the different terraces. This work would require careful 
studies with the aid of accurate topographic maps. 

The geology of the mountains extending along the coast east of 
Santiago Bay has been studied in the vicinity of the iron mines by 
several geologists; and their descriptions indicate that it is essentially 
similar to that of the mountains west of the bay.” A series of igneous 
rocks, differentiates from a common magma, have been intruded 
into volcanic clastics and limestones, some of which are tuffaceous. 
Limestone seems to be more abundant here than in the mountain 
block west of Santiago Bay, and some of it occurs as large inclusions 
in the igneous rocks. 

The main mountain block is separated from the coast by a range 
of low hills which have been described by Roesler. He states that 
on the south they consist of terraced cliffs, cut in coral limestone, 
rising to a height of 300 feet, with no beach except at Siboney. Back 
of the clifis the land slopes gently down to a flat east-west valley 
covered with silt. In this valley the streams from the mountains are 
generally lost in lagoons and swamps, but some of the larger ones, 
such as the Rio Carpintero, find their way to the sea through com- 
paratively narrow gorges cut through the cliffs. Roesler concludes 
that the silt-covered east-west valley is due to general subsidence; 
but his description suggests that it may have been formed by the 
northward tilting of a fault block. 

It will take much detailed work to determine whether the fault- 
block structure, found in the vicinity of Santiago, is characteristic of 
the entire Sierra Maestra from Cabo Cruz to Cabo Maysi; but the 
meager data now available indicate that the structure of the region 
is dominated by block faulting with some local subsidiary folding. 

* C. W. Hayes, T. W. Vaughan, and A. C. Spencer, Jnforme Sobre un Reconocimiento 
Geolégico de Cuba. 


2J. P. Kimball, “Geological Relations and Genesis of the Specular Iron-Ores of 
Santiago de Cuba,” Amer. Jour. Sci., 3d Ser., Vol. XXVIII (1884), pp. 416-29; idem, 
“The Iron-Ore Range of the Santiago District of Cuba,” Trans. Amer. Inst. Min. Eng., 
Vol. XIII (1885), pp. 613-34; J. F. Kemp, “The Geology of the Iron-Ore Deposits in 
and near Daiquiri, Cuba,” ibid., Vol. LIII (1915), pp. 3-38; Waldemar Lindgren and 
Clyde P. Ross, op. cit., pp. 40-59; Max Roesler, ‘Geology of the Iron-Ore Deposits of 
the Firmeza District, Oriente Province, Cuba,” Trans. Amer. Inst. Min. Eng., Vol. 
LVI (1917), pp. 77-127. 
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The mountains between Guantanamo and Cabo Maysi, as viewed 
from the sea, have an appearance strongly suggestive of a fault 
block. The Guantanamo Basin, according to Darton,’ is a broad 
syncline, opening toward the east, the strata ranging from Upper 
Eocene to Upper Oligocene or Lower Miocene. No evidence is given 
to indicate whether the syncline is due to compression or to the 
tilting of large fault blocks. 

The absence of detritus at the base of such fresh scarps as those of 
the Puerto Pelado and Sierra de Boniato makes it impossible to be- 
lieve that they could have been transformed from overhanging 
scarps by down-slumping. While the principal faults in the Santiago 
area are normal faults, they are not directly due to gravity and can- 
not be explained as step faults that mask a great thrust fault. The 
uplift and tilting have been accomplished by forces acting vertically 
or nearly so. These mountain-forming movements have accompa- 
nied the down-faulting of the Bartlett Trough, and the two proc- 
esses are probably related genetically. 


AGE OF THE FAULT BLOCKS 

Uplift of the mountain blocks has taken place so recently that the 
usual methods of determining the age of faults are of little value, 
and the relative amount of erosion is the only practical criterion. 
While the uplift of the Sierra Maestra block has continued during 
Recent time, the relatively great dissection of its scarp, composed of 
resistant rocks, indicates that it received much of its present ele- 
vation at an earlier date than the other blocks, possibly as early as 
the Pleistocene. 

The Sierra de Boniato uplift has clearly occurred during Recent 
time; and the Puerto Pelado scarp, although composed of rocks of- 
fering little resistance to weathering and erosion, is so fresh that its 
age must be measured in hundreds of years rather than tens of 
thousands. The relative amount of erosion would indicate that the 
freshest fault scarps are younger than the higher and older coastal 
terraces. 

It is not improbable that the earthquakes of 1678, 1679, 1766, and 
1852, which were so disastrous in Santiago and which were unac- 
companied by sea waves, such as occurred in 1755, may have been 


tN. H. Darton, op. cit., pp. 324-33- 
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caused by a continuation of the displacements along some of these 
local faults. The evidence from topography and from earthquakes 
indicates that the uplifts, instead of occurring uniformly, have been 
intermittent and have occurred now along one fault or part of a fault 
and now along another. 


GEOLOGICAL HISTORY 


The facts bearing on the geologic history of the Santiago area ob- 
tained in this investigation agree in the main with the history of the 
West Indies as outlined by Schuchert' and Vaughan,? but the last 
chapter in the geologic history of the area may now be written in a 
little greater detail. 

During the Eocene and extending as far back as the Cretaceous 
and perhaps earlier, there were violent explosive eruptions which 
resulted in the formation of the great series of volcanic ejectamenta 
interbedded with coralline and more or less tuffaceous, foraminiferal 
limestones. Intrusion of porphyritic dike rocks occurred during the 
long period of explosive activity, but probably chiefly near its close. 

At the close of the Eocene the land was uplifted with some tilting, 
but the differential displacement was unimportant north of the 
present coastal ridge. There is no evidence that this region shared in 
the folding which is said to have formed mountains in some of the 
Greater Antilles between late Eocene and middle Oligocene. During 
middle Miocene time the region around Santiago Bay was depressed 
to receive the La Cruz marl, but the rest of the region seems to have 
been subjected to continuous erosion, with occasional uplifts which 
affected chiefly the coastal area. The La Cruz marl is cut off at the 
coast by faulting, which Vaughan concludes took place in Pliocene 
time. 

During the Pleistocene there was emergence, probably in part 
due to withdrawal of water to form continental ice caps, but also 
due to uplift and northward tilting along the coast. Submergence, 
resulting from deglaciation, probably accounts for the modern coral 

* Charles Schuchert, “‘Geological History of the Antillean Region,” Bull. Geol. Soc. 
Amer., Vol. XL (1929), pp. 337-60. 

2 T. W. Vaughan, “‘Geologic History of Central America and the West Indies during 
Cenozoic Time,” ibid., Vol. XXIX (1918), pp. 615-30. 


3 [bid., p. 626. 

















STRUCTURE OF THE SIERRA MAESTRA 557 


limestones resting on both the La Cruz marl and the older igneous 
rocks along the coast. These limestones now form coastal terraces, 
because the uplift and northward tilting has continued intermit- 
tently during Recent time. Also, during this last phase in the history 
of the area, block faulting has extended northward with the forma- 
tion of additional ridges farther from the coast. This faulting is 
continuing, for the region is unstable. 


GENERAL CONCLUSIONS 

The Sierra Maestra near Santiago de Cuba contains some of the 
youngest and best-defined, fault-block mountains in the world. 
Fault scarps comparable in freshness are practically limited to desert 
regions, whereas the rainfall in these mountains is considerable. The 
lower slopes and intermontane valleys are free from the débris that 
masks the geology in many similar localities. The recent geological 
and seismological history of the region proves that it is unstable. 
Therefore, renewed faulting accompanied by severe earthquakes 
may occur at any time. 

The beauty of precipitous mountain scenery is enhanced by 
tropical vegetation and glimpses of the ocean. A modern paved high- 
way from Havana to Santiago has just been completed through the 
district, and it has been so located as to give the finest views of bay 
and mountains. The area in the Puerto de Moya where basaltic 
columns are exposed has been set aside as a National Park.’ These 
natural features, together with the great historic interest of Santi- 
ago, will undoubtedly bring many visitors. 

Considering the long history of Santiago and the fact that most of 
the mineral resources of Cuba have been found in the Sierra Maestra, 
it is remarkable that no accurate maps of the region have been made, 
and geological studies, except in the immediate vicinity of the mines, 
have been of a reconnaissance nature. The new aqueduct, unfortu- 
nately, has been built along two active faults, so that it is in great 
danger from faulting and from earthquakes. The future develop- 
ment of the Santiago region would be aided and mistakes avoided if 
it could be mapped both topographically and geologically. 

' E. I. Montoulieu, ‘‘Apuntes sobre la ocurrencia de Basalto Columnar, en la Sierra 


Maestra, Puerto de Moya.—Provincia de Oriente,’”’ Boletin de Obras Publicas, Vol. VII, 
No. 2 (1930), pp. 3-8: “Un Hallazo Geolégico en Oriente,” ibid., pp. 31-32. 
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THE PROBLEM OF THE BARTLETT TROUGH 


STEPHEN TABER 
University of South Carolina 
ABSTRACT 


Little is known concerning the great submarine troughs, although they must be 
classed among the major tectonic features of the earth. The Bartlett Trough offers 
many advantages for purposes of research. The present status of the problem is here 
briefly outlined and methods are suggested for continuing the investigation of its origin 
and structure. 


INTRODUCTION 

The great submarine troughs are topographic features comparable 
in magnitude with mountain ranges. Some of the more important 
are closely paralleled by ranges and there is much evidence of a 
close genetic relationship between them. Any theory attempting to 
explain the major structural features of the earth as a whole must 
take into consideration the great troughs. While geologists have 
given much study to mountains, the troughs have been relatively 
neglected. Several theories have been advanced to explain their 
origin, but very few facts are known; and, as yet, no accurate de- 
tailed contour map has been constructed for one of the major 
troughs. It is, perhaps, more than probable that they have been 
formed in several different ways. 

In recent years new methods have been developed which will be 
of great aid in the investigation of deep submarine areas. They in- 
clude the seismograph for the location of earthquake loci, the method 
of echo sounding for rapidly mapping submarine topography, and 
a method of accurately determining gravity at sea. Therefore, the 
time seems ripe to begin a concerted attack on the problem of the 
great submarine troughs. 

The ideal trough for purposes of study should have land areas on 
both sides and at the ends, so that from a study of the structural 
geology of the surrounding region something can be inferred regard- 
ing the structure of the trough. It should be of recent origin and 
should have no streams carrying terrigenous materials into it, which 
would mask topography developed by tectonic processes. Of all the 
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troughs, probably the Bartlett Trough most closely approaches this 
ideal, and, therefore, offers the best opportunity for research (see 
Fig. 1). 
THE BARTLETT TROUGH 

The Bartlett Trough extends in a flat arc, convex toward the 
north, from the Gulf of Honduras eastward as far as Gonaive Gulf 
between the two western peninsulas of Haiti, a distance of 15°, or 
1,570 kilometers. It is about 1.5° (160 kilometers) in maximum 
width and the deepest sounding is 3,506 fathoms (6,412 meters), or 
over 8,275 meters below the higher peaks of the Sierra Maestra in 
Cuba and the Blue Mountains in Jamaica. 
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Fic. 1.—Map of the Greater Antilles showing unstable zones enclosing the Bart- 
lett Trough. 


It is now generally agreed that the Bartlett Trough, as well as 
similar features elsewhere, is tectonic in origin. There has, however, 
been considerable difference of opinion as to the relative importance 
of folding and faulting in the formation of the Bartlett Trough. 
Also, as to whether the faults are normal or thrust faults; whether 
the formative stresses acted vertically or tangentially. 

It is probable that structures of this magnitude are seldom, if ever, 
formed exclusively by folding or by faulting. Moreover, with a fea- 
ture that is so persistent, it would not be surprising to find some 
variation in the structure and history of the areas through which it 
extends. And, since little geological work has been done on the 
land areas bordering the trough, it may readily be understood why 
the evidence that has been published is somewhat conflicting. 
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ORIGIN AND STRUCTURE 

The evidence bearing on the origin and structure of the trough 
may be briefly summarized under four headings. 

1. Seismological evidence.—Nearly all of the earthquakes of high 
intensity recorded in the land areas around the Bartlett Trough, 
during the last four centuries, have had their origin in one or the 
other of two belts: one following close to the northern border of the 
trough along the south coast of Cuba and thence across the Island 
of Haiti by way of its great northern valley; the other following the 
southern margin of the trough past the north coast of Jamaica and 
across the Island of Haiti by way of the great southern valley.’ 

This localization of seismic activity is especially noticeable in 
Cuba where a large land area, that has been settled for several cen- 
turies, extends away from the trough in a northwesterly direction. 
The earthquakes are proof that faulting is going on in these belts at 
the present time, and the sea waves, that have accompanied many 
of the shocks, are indicative of vertical displacements. Little is 
known concerning the distribution of earthquakes at a distance from 
the land areas, but, through seismograph records, the position of 
such shocks may be determined in the future. 

Seismograph stations are now located at Port-au-Prince, Haiti; 
Kingston, Jamaica; Havana, Cuba; Merida, Mexico; and other 
places more distant from the trough. It would help if seismographs 
could be installed at Santiago, Cuba, and on Grand Cayman Island. 

2. Topographic evidence.—The precipitous scarps on both sides of 
the trough and the abrupt changes in slope indicate faulting rather 
than folding. The scarp terminating the great submarine plateau 
that connects Jamaica with Honduras is especially striking, for flat 
areas are very extensive both above and below it. The soundings 
now available indicate the presence of large flat areas over much of 
the central part of the trough, with ridges and subsidiary troughs 
near the base of the boundary scarps. The two belts of subsidiary 
troughs apparently continue eastward beyond the Bartlett Trough, 


* Stephen Taber, “Jamaica Earthquakes and the Bartlett Trough,” Bull. Seis. Soc. 
Amer., Vol. X (1920), pp. 55-89; ‘The Great Fault Troughs of the Antilles,” Jour. 
Geol., Vol. XXX (1922), pp. 89-114; “The Seismic Belt in the Greater Antilles,” 
Bull. Seis. Soc. Amer., Vol. XII (1922), pp. 199-219. 
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and, on the Island of Haiti, are represented by the great northern 
and southern valleys. They coincide with the belts of high seismicity. 
The deepest soundings recorded in the Bartlett Trough have been 
obtained in the depressions near the boundary scarps. 

Closely spaced soundings over the boundary zones should reveal 
the shape of the submerged ridges and, perhaps, determine whether 
they are tilted fault blocks, such as have been found near Santiago, 
Cuba. On land, it would be possible to observe and photograph the 
topographic results of block faulting from airplanes where these 
features are as freshly exposed as they are in the Santiago area. In 
areas that are as difficult of access as is most of the Sierra Maestra, 
this would be the easiest method of obtaining such data. 

3. Geological evidence—Almost no detailed studies have been 
made of the structural geology of the land areas immediately ad- 
jacent to the Bartlett Trough. The Sierra Maestra has usually been 
attributed to folding, and this view has been advocated recently by 
Woodring.’ In the vicinity of Guantanamo Darton has mapped a 
broad synclinal basin opening toward the east.? In the Santiago 
area the writer has mapped tilted fault blocks and found additional 
geological evidence of recent faulting. Practically no work has been 
done on the tectonics of the north coast of Jamaica. 

As a result of his geological reconnaissance in Haiti, Woodring 
reached the conclusion that the tectonic features of a large part of 
that republic are due to the folding and crumpling during Miocene 
and Pliocene times.’ He thinks that the great valleys of Haiti, in- 
cluding the Cul-de-Sac plain, are synclines bounded in part by high- 
angle thrust faults; and he suggests that the Bartlett Trough was 
likewise deepened, if not formed, by compressive forces at the close 
of Miocene time and during Pliocene time.‘ 

*W. P. Woodring, ‘Tectonic Features of the Caribbean Region,” Third Pan-Pa- 
cific Sci. Cong., Tokyo (1926), pp. 401-31. 

2 N. H. Darton, ‘“‘Geology of the Guantanamo Basin, Cuba,” Jour. Wash. Acad. Sci., 
Vol. XVI (1926), pp. 324-33. 

3 W. P. Woodring, J. S. Brown, and W. S. Burbank, ‘‘Geology of the Republic of 
Haiti,” Port-au-Prince (1924), pp. 331-32. 

4W. P. Woodring, “‘An Outline of the Results of a Geological Reconnaissance of the 
Republic of Haiti,” Jour. Wash. Acad. Sci., Vol. XIII (1923), pp. 117-29; ‘Tectonic 
Features of the Republic of Haiti and Their Bearing on the Geologic History of the 
West Indies,” Jour. Wash. Acad. Sci., Vol. XIV (1924), pp. 58-59. 








562 STEPHEN TABER 


Although Southern Cuba was uplifted in late Tertiary time, the 
writer believes that the present topography of the Sierra Maestra 
is largely due to tectonic activity during post-Pliocene time. 

One of the most interesting results of the geological investiga- 
tions carried out in the Greater Antilles during the last few decades 
has been the gradual appreciation of the great extent and importance 
of the volcanic materials piled upon the earth’s surface during Cre- 
taceous and Tertiary time. In some areas, as in Haiti, this material 
consists mostly of lava flows; and in other areas, as in Cuba and 
Porto Rico, it is chiefly volcanic ejectamenta. The total volume is 
enormous, and it is inconceivable that so much material could be 
brought up from the interior of the earth and deposited on the sur- 
face without some accompanying or subsequent subsidence of the 
surface. Moreover, the superficial, volcanic activity has probably 
been associated with deep-seated differentiation and crystallization 
of magmas, which have resulted in additional volume changes. It 
seems not unlikely that in a broad way there is some genetic rela- 
tionship between the tectonic movements of the region and the 
igneous activity. 

4. Evidence from gravity anomalies.—The United States Coast and 
Geodetic Survey has made three gravity measurements, in the east- 
ern part of Cuba, at Alto Cedro, Cayo Mambi, and Chaparra, where 
the isostatic anomalies, as deduced from the Bowie formula, are 
+65, +73, and —48 millidynes, respectively. 

Two profiles with gravity determinations were made near the 
eastern end of the Bartlett Trough during the cruise of the U.S. 
Submarine S-21, in 1928." One profile extends from the entrance 
of Santiago Bay in a southerly direction for 52 miles. At depths of 
5, 2,867, and 1,582 fathoms, the gravity anomaly values were +16, 
—57, and —4 millidynes. Along the other profile, located about 80 
miles west of Santiago Bay, at depths of 942, 3,770, 2,530, and 1,737 
fathoms, the gravity anomalies were +55, +20, +29, and +33. 
The results obtained from these two profiles are conflicting and addi- 
tional observations will have to be made before it is possible to draw 
any conclusions. 

*F. A. V. Meinesz and F. E. Wright, ‘‘The Gravity Measuring Cruise of the U.S. 
Submarine S-21,’’ Pub. U.S. Nav. Observ., 2d Ser., Vol. XIII; Appendix I (Washington, 
1930), pp. X+94. 
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Large negative anomalies (—121, —103, —165, —109, —114, 
— 35, and —45) were obtained in the Brownson Trough and its west- 
ward extension north of the islands of Haiti and Cuba. Earthquakes 
have been rather numerous along the steep slopes of the Brownson 
Trough, but no important shocks are known to have originated in 
its westward extension along the coasts of Haiti and Cuba during 
the last four centuries. The contrast in seismicity is very great be- 
tween the north and south coasts of the province of Oriente in Cuba, 
or of the north coast of San Domingo and its great northern valley. 

In the region of the Greater Antilles, therefore, great caution 
should be used in trying to determine unstable areas by means of 
gravity measurements; and, certainly, more observations are es- 
sential before it will be possible to draw valid conclusions. 

The origin and structure of the Bartlett Trough is a big problem 
that will require the co-operation of geologists, geodesists, and seis- 
mologists. 








IGNEOUS GEOLOGY OF SOUTHWESTERN IDAHO! 


VIRGIL R. D. KIRKHAM 
Saginaw, Michigan 
ABSTRACT 

The known igneous history of southwestern Idaho began with the deposition of a 
great thickness of Permian andesites and rhyolite. Following this in Jurassic (?) time 
occurred the intrusion of the Idaho batholith. After an extensive erosion interval fol- 
lowed the extrusion of the lower series of Columbia River basalt. During a period of 
quiescence the Payette formation was deposited. This was followed by the extrusion of 
the upper series of the Columbia River basalt upon which was developed a peneplain- 
like erosion surface. Before the deposition of the Idaho formation the Owyhee rhyolite 
was extruded, which is part of a widespread sheet of acidic lavas which extends over 
southern Idaho and parts of adjacent states. Probably contemporaneous with these 
acid flows occurred the intrusion of one or more small batholiths into the Payette forma- 
tion and Columbia River basalt. Down-warping was initiated, and upon the upper 
series of the Columbia River basalt and the Owyhee rhyolite was deposited the Idaho 
formation in Pliocene time. The Snake River basalt was extruded into the downwarp 
to the east in Pliocene and chiefly Pleistocene time, and it encroached on the Idaho 
formation in southwestern Idaho in the Pleistocene. 


INTRODUCTION 

The data and conclusions presented in the following pages are re- 
sults of field work undertaken for the Idaho Bureau of Mines and 
Geology in executing economic investigations. The writer spent 
eight weeks of field work on parts of the area in 1920, and the main 
regional stratigraphic and structural implications were gained at that 
time. These were amply confirmed by subsequent more detailed 
work which constituted a week’s work in November, 1921; a week’s 
work in 1926; and four weeks’ in 1927. Finally, the earlier results 
were enriched and amplified by twelve weeks of detailed work on 
the map area in 1928. The bulk of the material presented herein has 
thus been under consideration by the writer for ten years. 
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of the Idaho Bureau of Mines and Geology; and Messrs. E. W. Ellis, 
A. W. Fahrenwald, and J. W. Finch, who have since served as secre- 
taries of that organization. Thanks are due also to various members 
of the Department of Geology, University of Chicago, for valuable 
counsel and a careful reading and criticism of this manuscript. Able 
assistance was given in the field by Messrs. M. Melville Johnson, 
H. L. McKinley, and Clarence F. Myrene. 


PERMIAN VOLCANICS 

The writer was led into a reconnaissance of the area in which these 
rocks occur, in an attempt to find here Mesozoic or Paleozoic marine 
sediments which could act as the source for gas flows yielding gaso- 
line which occur abundantly in the region around Payette and On- 
tario to the southeast. The study was sufficient to determine the 
nature of the rocks within the region and their structural relations, 
and thus accomplished the purpose of the investigation; but time 
was not sufficient to allow a careful study of the area as this con- 
tributed only indirectly to the chief problem under consideration. 
The writer found both structural and areal relations in substantial 
agreement with those outlined by Livingston’ on Plate I, Pamphlet 
13, and has consequently drawn on Livingston’s work for the forma- 
tion boundaries on the map. 

Location.—Permian Volcanics are confined to the area west of the 
Weiser quadrangle (see Fig. 1), and are chiefly exposed in the gorge 
of Snake River and some of the canyons of the deeper tributaries. 
The southernmost exposure is a small inlier in the basalt in Secs. 5 
and 8, T. 11 N., R. 7 W. A wider belt of these rocks appears in 
Sec. 20, T. 11 N., R. 7 W., and extends north to the limits of the 
area. The divide between Rock Creek and Snake River is capped by 
a relatively narrow strip of Columbia River basalt which conceals 
the Permian series at the surface. 

The drainage area of Rock Creek lies chiefly in the Permian sys- 
tem, which is here bounded by an irregular rim of the overlying 
Columbia River basalt. The map contact of the Permian volcanics 

* D. C. Livingston, ‘‘A Geologic Reconnaissance of the Mineral and Cuddy Mountain 


Mining District, Washington and Adams Counties, Idaho,”’ Jdaho Bur. of Mines and 
Geol. Pamph. 13 (1925). 
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and the basalt is very sketchy, as is also the contact of the volcanics 
with the Triassic (?) sediments and with the Jurassic (?) granite. 
Only the roughest of reconnaissances was made in this area, con- 
sisting of a single expedition of a few days, undertaken chiefly to de- 
termine the nature of the rocks. The lack of a topographic map and 
the pressure of time prevented the accurate tracing of any boundaries 
in this mountainous and relatively inaccessible area. 

Lithology—The lowermost series is andesitic. The number of 
flows is unknown. Agglomerates and tuffs are in places interstrati- 
fied with the denser lava flows. This andesite is folded into an anti- 
cline striking northwest to southeast with dips ranging from 5° to 
25° on its axes. The andesite has an apparent thickness of about 
7,000 feet where it is cross-cut by the Snake River Canyon. This 
figure may be excessive if strike faulting, which was unrecognized, 
has duplicated the beds. 

A rhyolite flow or sill, according to Livingston," overlies the ande- 
site. Its thickness is less than 250 feet where examined. It is red 
stained and has a characteristic outcrop. 

Lindgren’ showed, on his Plate LXIV, that the northern boundary 
of this series crosses the Snake at a point in Section 20, about 2 miles 
north of the south line of T. 13 N., R. 7 W., B. M., and extends 
southward to Olds Ferry bridge. On his map he classed these rocks 
as “‘Juratrias” in age and said that they are ‘‘chiefly Triassic lavas 
altered to greenstones..... The lower division consists of green- 
stones, predominatingly old rhyolites, rhyolite tuffs, and quartz 
diorite porphyry; it occupies the vicinity of Huntington and the nar- 
now canyon extending for 8 miles north of the place. It is probable 
that this whole series consists of old surface flows.”’ 

Livingston,’ on his Plate I, showed the age of this series to be 
‘Permian (?),”’ but in his text,4 spoke of the ‘‘Permian rocks” with- 
out appearing to question this age. Livingston’ said, “It is impos- 

' Ibid. 

2 Waldemar Lindgren, ‘‘The Gold Belt of the Blue Mountains of Oregon,” U.S. Geol. 
Surv. 22d Ann. Rept., Part 2 (1901), pp. 562-756. 

3 bid. 4 Pages 4 and 5s. 


5 D. C. Livingston and F. B. Laney, ‘“The Copper Deposits of the Seven Devils and 
Adjacent Districts,” Jdaho Bur. of Mines and Geol. Bull. 1 (1920), p. 20. 
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sible to estimate with any degree of accuracy the thickness of this 
highly complex series of flows and tuff but it is safe to say that it 
cannot be less than 10,000 feet and may exceed this figure two or 
three times.” 

The Permian age of this series is thought to be established by a 
collection of fossils made by Dr. F. B. Laney and determined by the 
United States Geological Survey as a Permian fauna. Mansfield’ 
has recognized the Permian age of this volcanic series. 


JURASSIC(?) BATHOLITH 


All exposures of granitic rocks in the map area, with the exception 
of a small exposure near Pearl in the Boise Quadrangle, are assigned 
to the Idaho batholith which underlies an area of at least 16,000 
square miles in adjoining portions of the state. 

The boundaries of the map area were purposely extended to in- 
clude the edges of the granite areas which lie near the down-warped 
basin now filled with lavas and Tertiary sediments. It was thought 
that a study of the contacts would show whether or not outcrops of 
sediments, which could possibly act as source rocks for the gasoline- 
yielding natural gas in the Idaho formation, were present underlying 
the Columbia River basalt and overlying the granite. No extensive 
technical study of the granite or its petrographic phases was made 
because of its lack of bearing on the problem. Its occurrence will 
consequently be treated briefly in this paper. 

Distribution.—There are six localities where granitic intrusions 
occur: 


In the northwestern corner of the Weiser quadrangle and the northeastern 
corner of the adjoining Huntington area occurs a large mass of granodiorite and 
diorite which represents the southward extension of a large exposure on Iron 
Mountain. That part within the map area lies in secs. 1, 2, 3, 10, 11, and 12, T. 
13 N., R. 6 W., B. M., and in secs. 5, 6, and 7, T. 13 N., R.6 W., B. M. A small 
cupola-like intrusion, less than a square mile in area, has been uncovered in the 
Snake River Gorge in secs. 6 and 7, T. 12 N., R. 7 W., B. M. 

Two large areas of granodiorite, which are westward extensions of the main 
Idaho batholith, enter the map area in the Squaw Creek sheet and lie chiefly in 
T. 8 N., R. 1 E., and T. 10 N., R. 1 E. Five small exposures of granitic rock 


1G. R. Mansfield, ““Geography, Geology, and Mineral Resources of Part of South- 
eastern Idaho,” U. S. Geol. Surv. Prof. Paper 152 (1927), p. 186. 
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crop out in the heads of minor streams which are tributary to Squaw Creek on 
the east side of Squaw Butte. 

Granite and granodiorite exposures in Boise quadrangle lie on the high ridge 
east of Emmett. These also are western extensions of the main Idaho batholith. 
The main area is in T. 6 N., R. 1 E., B. M. A small area is exposed in secs. 1, 
2, 3, 11, 12, 13 and 24, and other still smaller cupola-like masses crop out in 


SECS. 20, 24, 25, 28, 20, 32, 33, 34, 35, and 36, T.7 N., R.1 E., B. M. 
Two small areas along the south edge of the map area are northern exten- 
sions of the larger mass shown on the geologic sheet of the Silver City Folio.‘ 


They are located in T. 1 S., R. 3 W., and T. 1 S., R. 4 W., B.M. 


Characteristics.—The granodiorite south of the area, as well as on 
the Boise Ridge, is markedly sheeted and fractured and is in places 
heavily covered by sandy débris resulting from disintegration. Ac- 
cording to Lindgren,’ the granite is coarse-textured, gray biotite 
granite, and contains large crystals of orthoclase. According to 
Piper,’ it is “characterized by a great abundance of quartz, and small 
amounts of biotite and muscovite. There is a decided tendency 
toward porphyritic texture, phenocrysts of potassic feldspar attain- 
ing here and there a maximum dimension of 1} inches.” 

Lindgren‘ said that the Silver City phase is more acid than the 
Boise phase which he describes in Folio 45.5 

In both the Silver City and Iron Mountain localities, dioritic 
phases are common. In each locality there are marked variations in 
the amounts of biotite, quartz, and feldspars. Muscovite appears 
to be always present, but the biotite has decomposed to chlorite in 
most cases. The plagioclase crystals are small and rarely show Carls- 
bad twining. Pegmatite dikes and granodiorite porphyry dikes sev- 
eral hundred feet wide are common in the Silver City granite and in 
the Boise Ridge exposures. 

‘ Waldemar Lindgren, “Description of the Silver City Quadrangle,” U.S. Geol. 
Allas Folio 104 (1904). 

2 Ibid. 


3 A, M. Piper and F. B. Laney, ‘“‘Geology and Metalliferous Resources of the Region 
about Silver City, Idaho,”’ Jdaho Bur. of Mines and Geol., Bull. 11 (1926). 


4 Waldemar Lindgren, ‘‘The Gold and Silver Veins of Silver City, De Lamar, and 
Other Mining Districts in Idaho,” U.S. Geol. Surv., 20th Ann. Rept., Part 3 (1900), 
pp. 75-259. 

5 “Description of the Boise Quadrangle,” U.S. Geol. Surv., Geol. Alas Folio 45 (1898). 
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Age.—Eldridge’ assigned to the Idaho batholith an Archean age. 
‘ Lindgren’ said, ‘“‘It has tentatively been referred to the Archean,” 
and, ‘‘From analogy with other similar granite areas in Montana 
and California this intrusion may very likely be assigned to the 
Cretaceous period.” 

In another paper Lindgren‘ considered the batholith to be post- 
Triassic in age. At a later date Umpleby’ assigned the batholith to 
the Cretaceous period. This age was accepted by all observers up 
to 1925, when the writer conceived the idea that the batholith of 
northern Idaho was part of the Nelson batholith of British Colum- 
bia, which is Jurassic in age. The granite in Boundary County was 
considered by the writer as a connecting link between the Nelson 
and Idaho batholiths and appeared to be as much a part of one as 
of the other. Because of this relation, as well as certain philosophic 
considerations dealing with orogenic disturbances in the Cordillera, 
the writer® was the first to assign a possible Jurassic age to the Idaho 
batholith. Ross,’ after an extensive survey of the evidence, sup- 
ported this age assignment in his recent thoroughgoing paper on the 
subject. He said: “It is reasonable to regard this batholith as one 
of the products of widespread diastrophism which occurred in the 
Cordilleran region near the end of the Jurassic period.” 

Relation to other rocks.—The granodiorite at Iron Mountain under 
lies Columbia River basalt and has intruded the Permian volcanics 
at that place. It has also intruded them at the small exposure on 
Snake River. On the east side of Upper Squaw Creek, the lower 
; 'G. H. Eldridge, “‘A Geological Reconnaissance across Idaho,” U.S. Geol. Surv., 
; 16th Ann. Rept., Part 2 (1894-95), pp. 217-76. 

2“TDescription of the Boise Quadrangle,” U.S. Geol. Surv., Geol. Atlas Folio 45 
(1898), p. 2. 

3 Ibid., p. 1. 

4“*4 Geological Reconnaissance across the Bitterroot Range and Clearwater Moun- 
tains of Montana and Idaho,” U.S. Geol. Surv. Prof. Paper 27 (1904), p. 20. 

5 Joseph B. Umpleby, ‘‘Geology and Ore Deposits of Lemhi County, Idaho,” U.S. 
Geol. Surv. Bull. 528 (1913). 

6 Virgil R. D. Kirkham, ‘‘Ground Water for Municipal Supply at Potlatch, Idaho,” 
Idaho Bur. of Mines and Geol. Pamph. 23 (June, 1927). 

7C. P. Ross, ‘Mesozoic and Tertiary Granitic Rocks in Idaho,” Jour. Geol., Vol. 
XXXVI (1928), p. 692. 
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Columbia River basalt series rests upon it. Both basalt and lake 
beds rest on the granitoid rocks south of Payette River. Rhyolite 
overlies the granite on the east side of Squaw Creek and Owyhee 
rhyolite, and Payette lake beds rest on the granodiorite south of 
Crown Point. Payette lake beds, the upper Columbia River basalt 
series, Owyhee rhyolite, and the Idaho lake beds each rest on the 
Silver City granite south of the Snake River. 


MIOCENE BASALT 
COLUMBIA RIVER BASALT 

This lava series was referred to by Lindgren’ as “early Neocene 
basalt”’ and given the map symbol of Vb. At a later date he’ desig- 
nated it as “early basalt” or ““Eocene(?) basalt” and gave it the map 
symbol of Tb. This series is designated on the present map area as 
Mb. In actuality there is an upper and lower series of flows which 
are separated by several hundred feet of lake beds and terrestrial 
sediments.’ They are not differentiated on the map area for the sake 
of simplicity, but will be discussed separately here. 

UPPER SERIES 

Distribution.—This formation comprises the surface of the greater 
part of the map area lying north of Payette River and west of Squaw 
Creek. 

Nine relatively isolated exposures of this lava lie south of Payette River in the 
southeastern part of T. 7 N., R. 1 W., B. M., and in the southwestern part of 
T. 7 N, R. 1 E. B. M. One of these small outcrops appears to be exposed by 
erosion of the Idaho formation in Secs. 11 and 12, T. 6 N., R. 1 W., B. M. In 
the northern part of T. 6. N., R. 1 E., B. M., this lava apparently lies on the 
Jurassic(?) granite. 

Five small exposures occur south of Pearl in the south half of T.6 N., R.1 E., 

*“Tescription of the Boise Quadrangle,” U.S. Geol. Survey., Geol. Atlas Folio 45 
(1898). 

2 “Description of the Silver City Quadrangle,” U.S. Geol. Atlas Folio 104 (1904). 


3 An upper and lower series of flows has also been recognized in eastern Washington 
and in central and northern Idaho, as has been pointed out by the writer in several pub- 
lications of the Idaho Bureau of Mines and Geology as well as in four recent papers of 
this Journal. See pages 489, 491-95, and 499 of ‘‘The Latah Formation in Idaho,” Vol. 
XXXVII (1929), pp. 659, 662, and 663 of “Old Erosion Surfaces in Southwestern 
Idaho,” ibid., Vol. XX XVIII (1930); ‘‘Revision of the Payette and Idaho Formations,” 
Vol. XXIX (1931), pp. 193-240, ‘‘Snake River Downwarp,” Vol. XXIX (1931), pp. 
456-82. 
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B. M. The basalt in these exposures overlies granite in places and Payette lake 
beds in others. One small exposure appears to underlie the Idaho formation in 
Secs. 23 and 24, T. 5 N., R. 1 E., B. M. 

South of Snake River are five relatively small areas of this series which ex- 
tend into the map area from a much larger exposure of basalt which lies to the 
south on the Owyhee Mountains. These lie in the northern portions of T. 1 S., 
Rs. 3, 4, and 5 W., B. M. 

T hickness.—The thickness of the upper series is variable inasmuch 
as it was subjected to an extensive interval of erosion which reduced 
its surface to a stage of late maturity or early old age before the Idaho 
formation was deposited. Thus, the thickness of basalt lying between 
the Payette and Idaho formations probably does not, in any case, 
represent the original thickness of the upper series. 

In many instances subsequent erosion has entirely removed the 
once overlying Idaho formation and further reduced the thickness 
of the upper series. 

Near Cobb Siding in Secs. 15 and 23, T. 11 N., R. 7 W., B. M.,a 
section exposed chiefly in a syncline (see section HH, Figs. 2 and 3) 
shows 2,185 feet of the upper series overlying the Payette formation. 

Near Weiser River, in Secs. 25 and 26, T. 11 N., R. 4 W., a meas- 
ured thickness of 680 feet of basalt overlies the Payette formation 
and underlies the Idaho formation. In Secs. 16 and 17, T. 11 N., 
R. 3 W., B. M., the measured thickness above the Payette is 670 
feet. Because the upper lake beds have been eroded, the basalt here 
probably does not represent the original thickness separating the 
two lake bed formations. 

In Crane Creek Canyon in Secs. 2 and 3, T. 11 N., R. 3 W., B. M., 
at least 1,000 feet of the upper series remains above the Payette 
formation. This is on the crest of an anticline and has probably re- 
ceived much erosion since the Idaho formation was stripped off. 

In Secs. 25 and 26, T. 10 N., R. 3 W., B. M., a thickness of 445 
feet was measured overlying the Payette formation. In Secs. 29 and 
30, T. 10 N., R. 2 W., B. M., 730 feet of basalt overlies the Payette. 
About 450 feet of basalt overlies the Payette formation west of Pad- 
dock Valley, but a thickness of more than 1,000 feet overlies the 
Payette on the east side of the valley. Most of this discrepancy ap- 
pears to have been produced by differential erosion before the deposi- 
tion of the Idaho formation. 
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South of Payette River, in the small isolated areas, thicknesses 
as low as 300 feet separate the Idaho and Payette formations, or the 
Idaho formation and the granite. 





Fic. 3.—Looking north at Payette lake beds, on the left, dipping east under Colum- 
bia River basalt on the right, near Cobb Siding. 


At Squaw Butte 261 counted flows occur dipping westerly at 
angles ranging from 8° to 40° (see Fig. 2 and Fig. 4). This massive 
pile of lava represents a calculated thickness of over 17,000 feet, 
which probably is to be accounted for by duplication by strike fault- 





Fic. 4.—Looking north at basalt flows on the summit of Squaw Butte dipping 
southwest toward the axis of the downwarp. 


ing. Although no good field evidence for faulting was found, outside 
of the steep eastern scarplike face of Squaw Butte, the plotting of 
flows in a structure section drawn to the same vertical and horizontal 
scale, using actual dips, indicates notably discordant dips which can 
logically be explained by one or more gravity strike faults with the 
downthrown side to the east in each case. Their existence is hypo- 
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thetical; and proof of their presence, and the dip of the plane and 
amount of downthrow, await further field studies which will require 
careful correlation followed by extensive petrographic and chemical 
analyses. Section EE, Figure 2, indicates the dip of the flows and the 
postulated faults. 

Whatever the cause of this great thickening, it overlies the Pay- 
ette formation and extends northward with a slight decrease for at 
least 35 miles. This great thickness is exposed in Squaw Butte. The 
relief between the crest of the ridge and Squaw Creek ranges from 
3,000 feet at the southern end to 1,500 feet on the upper part of the 
creek. The valley of Squaw Creek, of course, rises toward its head, 
and the ridge becomes lower. The relief on the west side of Squaw 
Butte is the greatest in the map area. A section across the highest 
part extends for 8 miles across westward-dipping basalt flows. At 
the base on the west, the overlying Idaho formation dips westerly 
at an angle similar to that of the uppermost basalt flow. 

A thickness of more than 1,300 feet of this series is exposed in 
T.15., R. 4 W., B. M., in the region south of Snake River. Piper’ 
gave a thickness of 2,000 feet for the region to the south of the map 
area. 

Lithology.—No extensive petrographic study was made of any of 
the igneous rocks, since it was not pertinent to the economic prob- 
lems. 

The basalt varies greatly in character from place to place. In the 
region south of Snake River several of the flows are diabasic and 
show a marked porphyritic character. They are dark in color and 
contain lathlike phenocrysts of labradorite and grains of olivine, 
while augite and ilmenite occupy much of the ground mass. In other 
flows augite and olivine phenocrysts are the most conspicuous. In 
nearly all instances olivine and augite are prominent in the ground 
mass. 

The upper flows are, as a whole, less porphyritic than the lower 
ones, although nearly every flow observed showed, at some place, 
phenocrysts of various sizes chiefly of labradorite, augite, and olivine. 
Ilmenite grains are characteristic throughout the ground mass. Oli- 
vine may or may not be present. Some of the finer-grained types 


' Piper and Laney, of. cit. 
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exhibit a glassy ground mass, and some of the upper flows contain 
small needles of feldspar in the ground mass. Piper," in describing 
these flows in their extension to the south, said that porphyritic 
types predominate. He spoke of labradorite phenocrysts in an 
ophitic ground mass interlaced with andesine-labradorite microlites, 
diallage and ilmenite. He said: “‘The fine grained phase does not 
differ markedly in composition and texture from the ground mass of 
the porphyritic type.” 

Lindgren,’ speaking of the basalt in Boise quadrangle, said: “‘Al- 
though almost all types of feldspar basalt are present, one cannot 
fail to be struck with the prevalence of coarse, holocrystalline 
structures, closely approaching diabase to which the name dolerite 
is applied..... The rock is medium grained and vesicular, con- 
sisting of lath-like labradorite, brownish augite, and reddish-brown 
olivine. Between the grains lies a little dark glass.” 

Altitude and structure.—South of Snake River the Columbia River 
basalt dips gradually to the north and northeast under the Payette 
beds which, in turn, underlie the Owyhee rhyolite toward the axis of 
the Snake River downwarp (see Fig. 5). Lindgren’ showed by his 
text and structure sections AA and BB in the Silver City folio that 
he believed the rhyolite to underlie the lake beds and the tuff (de- 
termined by the writer to be no different from the lake beds)* to 
underlie the basalt. 

The scattered exposures of basalt in the Pearl and Montour areas 
dip toward the west and southwest at angles of 5° to 7°. South of 
Montour the lava dips from 12° to 19° to the southwest. West of 
Montour occur dips of 11°, 14°, and 15° to the west. 

In the region west of Squaw Creek the flows dip to the west and 
southwest at angles ranging from 40° to 15°, where the basalt ex- 
tends under the Idaho formation (see Figs. 2, 4, 6, and 7). 

From T. 9 N., R. 2 W., northward the basalt is folded into a series 

‘Ibid, “Geology and Metalliferous Resources of the Region About Silver City, 
Idaho.” 

2 “Description of Boise Quadrangle,” U.S. Geol. Surv., Geol. Allas Folio 45 (1898), 
». 2. 
| 3 “Description of the Silver City Quadrangle,”’ U.S. Geol. Atlas Folio 104 (1904). 


‘Virgil R. D. Kirkham, ‘Revision of the Payette and Idaho Formations,” Jour. 
Geol., Vol. XX XIX (1931), p. 219. 
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of plunging, parallel, asymmetric folds, the largest of which extend 
beyond the limits of the map area. Some of these folds are more than 
30 miles long and several miles in width. Dips as steep as 25° are 
found on the flanks of the anticlines; and one syncline in T. 11 N.., 
R. 7 W., shows dips of 35° on its flanks. The relations of these folds 
are shown on the Weiser quadrangle and the Huntington area (see 
Figs. 1 and 2). 


Fic. 5.—Looking north on Little Squaw Creek at the Owyhee rhyolite overlying 
the Payette lake beds in the middle, and Columbia River basalt underlying the Payette 
in the foreground. 


LOWER SERIES 


Distribution.—All of the basalt underlying the Owyhee rhyolite 
south of the down-warp may belong to the lower series; two small 
outcrops which are separated from an upper series of flows by a few 
hundred feet of tuff and lake beds are thought certainly to belong to 
the lower series. These are situated in the gorges formed by the 
headwaters of Hardtrigger Creek in T. 1 S., R. 4 W., B. M. 


The largest exposure in the area lies north of Payette River and east of Squaw 
Creek in T. 7 N., R. 1 E., and the eastern part of T. 8 N., R. 1 E. The basalt 
flows in the eastern part of T. 9 N., R. 1 E., are tentatively placed in the lower 
series because they dip westward at angles of 5° to 12° under a lake bed series 
assigned to the Payette formation. 

An area of about 5 square miles is exposed in the crest of an anticline east 
of Weiser River in T. 12 N., R. 4 W., B. M., T. 11 N., R. 4 W., B. M., and T. 11 
N., R. 3 W., B. M. This lava series is overlain on the flanks of the fold by the 
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Payette formation which is, in turn, overlain by the upper series of Columbia 


River basalt. A small exposure occurs in the bottom of Crane Creek canyon a few 
miles to the east. 


Fic. 6.—Looking north at Squaw Butte in the distance. Basalt flows are shown 
across Payette River, dipping toward the plain. 


Fic. 7.—Looking north along the strike of the Idaho beds overlying Columbia River 
basalt at Black Canyon dam. 


Thickness.—East of Squaw Creek this series is 1,200 feet thick and 


shows sixteen flows. Not more than 400 feet are exposed at any 


other locality because the full thickness is not revealed by erosion. 
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Characteristics —In so far as field observation could show, this 
series differs from the upper series in lithology and structure no more 
than the individual flows of each series differ from one another. 


MIOCENE (?) OR PLIOCENE (?) GRANITIC INTRUSIVE 
This igneous rock is the same as that mapped on the geologic 
sheet of Boise folio by Lindgren' under the map symbols of di and 





Fic. 8.—Payette formation dipping steeply to the south from contact with intruded 
Tertiary granite, near Horseshoe Bend. 


hp. These he called diorite and quartz hornblende porphyry. He 
considered the material to be two separate dike intrusions and gave 
them a pre-Neocene age. 

Only a small part of the exposure occurs in the map area in T. 6N.., 
R. 1 E., B. M., northeast of Crown Point. Outside the map area’ 
this granite is found to be intruded into the Payette sediments and 
the Columbia River basalt. Where it has invaded the Payette forma- 
tion, the lake beds are highly metamorphosed, and dip quaquaversal- 
ly from the areas of intrusion (see Figs. 8 and 9g). The evidence is 
conclusive that this intrusive is younger than the Payette formation 

™“Description of the Boise Quadrangle,” U.S. Geol. Surv., Geol. Atlas Folio 45 
(1898). 

2 This intrusion is found in the following sections beyond the map area; Secs. 4, 5, 
and 8, T. 7 N., R. 3 E.; Secs. 21, 22, 23, 26, 27, 28, 29, 31, 32, 33, and 34, T. 7 N., R. 
2 E.; Secs. 4, 5, and 6, T. 6 N., R. 2. E, B. M. The Payette sediments are intruded and 
metamorphosed in Secs. 23 and 26, T. 7 N., R. 2 E. All of these areas are shown on the 


Boise folio. 
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and the lower basalt series, which are of Middle or Upper Miocene 
age. It may be late Miocene or early Pliocene in age. 

An examination of twenty or more thin-sections by Mr. M. Mel- 
ville Johnson, of the University of Idaho, showed that the mass is 
generally a normal granodiorite; all exceptions were more acidic in 
character. A porphyritic texture is caused by pink feldspar pheno- 
crysts. This texture is characteristic of the entire exposure. 





Fic. 9.—Payette formation dipping steeply to the northeast from contact with 
Tertiary granite. Position of bedding planes indicated by drawn lines. 


UPPER MIOCENE (?) OR LOWER PLIOCENE (?) RHYOLITE 
OWYHEE RHYOLITE 
This name is given to an acidic lava series, outcrops of which 
were called ‘“‘Neocene rhyolite” and “Tertiary rhyolite’ by Lind- 
gren.' His map symbols are Nr and Jr. The writer uses the symbol 
Pr for the exposures in this area. This rhyolite series is part of a 
very extensive acidic sheet which underlies the Snake River 
down-warp throughout Idaho and extends, in scattered erosional 
remnants, over great areas in the regions bordering the down-warp, 
reaching into Utah, Nevada, Montana, and Wyoming. Descrip- 
tions of its occurrence elsewhere are found in former papers of the 
writer,? where they are referred to as “Tertiary late lavas.” This 
‘Op. cit., “Description of the Boise Quadrangle;” “‘Description of the Silver City 
Quadrangle.” 
2 Virgil R. D. Kirkham, ‘“‘A Geologic Reconnaissance of Clark and Jefferson and 
Parts of Butte, Custer, Fremont, Lemhi, and Madison Counties, Idaho,” Jdaho Bur. of 
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lava series, once widespread at the surface, now outcrops as a ragged 
fringe bordering the Snake River basalt, where it has remained un- 
buried; or it is revealed where recent erosion has cut through the 
younger basalt and exposed it in stream canyons. It also appears in 
minor arched-up areas where it was never completely covered with 
basalt or where the basalt has been almost entirely removed by 
erosion. 

Along the northern side of the plain, exposures represent erosional 
remnants on the noses of plunging structural ranges. These rem- 
nants dip beneath the Snake River basalt. In the valleys separating 
the ranges, the upper edge of the acidic series has been removed by 
erosion, but is shown by well logs to extend across the valleys be- 
neath the overburden of later gravels and basalt. 

The eastern third of the Snake River plain has an uninterrupted 
border of the rhyolite series which swings around the northwest, 
north, east, and southeast flanks of the downwarp. On the south- 
east side it appears also on the noses of the plunging ranges and in 
erosional remnants on their crests. It also extends for many miles 
into the structural depressions which lie between the ranges. 

These lavas characteristically dip toward the long axis of the 
down-warp on all sides, with angles ranging from 2° or 3° up to 10°. 
This dip is often the surface slope and nearly always closely ap- 
proximates it. Erosion has removed the Snake River basalt in a 
large number of places in the eastern plain area and revealed the 
lower-lying acid lava series. These occurrences offer persuasive evi- 
dence for believing that a widespread sheet of rhyolite lavas now 
extends, or formerly extended, under the later basalts and lake beds 
which now partially fill the present depression. 

Mesa-like lava caps on high peaks bordering the plain indicate 
that this blanket-like series of acid lavas once had an extent far 
greater than the present widespread Snake River basalts of the 
Snake River plain. 

Interbedded with this series or underlying it, there are found, in 
many places, bedded continental deposits which are conformable 


Mines and Geol. Pamph. 19 (January 1927); ‘‘Geology and Oil Possibilities of Bing- 
ham, Bonneville and Caribou Counties, Idaho,” Jdaho Bur. of Mines and Geol. Buil. 8 
(1924); “Snake River Downwarp,” Jour. Geol., Vol. XX XIX (1931), pp. 456-82. 
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and tilt, as do the lavas, toward the axis of the Snake River plain 
down-warp. The formation was described and called the Salt Lake 
formation, by Mansfield.* It was given, tentatively, a Pliocene age. 
Although no definitive flora or fauna has as yet been determined 
from the Salt Lake formation, its field relations, especially with the 
rhyolite series, suggest that it may be comparable in age and origin 
to the Payette formation of southwestern Idaho, and may eventually 
be assigned an Upper Miocene age. The conformable relationship of 
this formation and the lava series has been previously described for 
some of the area south of the plain, by the writer. The tilted ash 
beds, tuffs, conglomerate, limestone, etc., which make up this forma- 
tion, convince the investigator that the conformable lavas which lie 
above, and in some places below, the series are not flow slopes like 
the slopes of the great broad-based cones of later basalt to be ob- 
served out in the plain. At the Continental Divide, in the Centen- 
nial Range, the same flows which pass over the range at an elevation 
of 10,000 feet, pass under the plain basalt flows at an elevation of 
about 6,000 feet. The difference in elevation is nearly as great on 
the ranges south and southeast of the plain, but is less toward Yel- 
lowstone National Park on the east. Since this much difference in 
elevation exists above the present basalt lava of the plain, a con- 
siderable relief must be allowed for, with the extension of this series 
under the plain. 

Sections made in the eastern part of the Snake River plain show 
that the series is generally made up of basal flows of basalt and ande- 
site, with trachytes, latites, and rhyolites constituting the upper 
flows. Interbedded with these lavas occur ash beds, fresh-water 
limestone, clay, shale, sandstone, and conglomerate, which are called 
the Salt Lake formation, southeast of the plain. 

One section on Snake River in southeastern Idaho shows at the 
base calcareous conglomerate of the Salt Lake formation; thickness 
unknown. This ts overlain by 35 feet of latite. This in turn is over- 
lain by 25 feet of black to dark-green vesicular basalt. Next comes 
35 feet of pink rhyolite, tuff, and agglomerate. Above this occurs 
100 feet of a conglomeratic deposit cemented by pink volcanic ash 

'G. R. Mansfield, “The Wasatch and Salt Lake Formations of Southeastern 
Idaho,” Amer. Jour. Sci., Vol. L (July, 1920), pp. 54-64. 
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in some places, and by travertine spring deposits in other localities. 
Rounded pebbles of variegated country rocks are found within this 
matrix. Succeeding this is a red trachyte, a red andesite, and a gray 
rhyolite. This section is about 250 feet thick. Over it all rests Snake 
River basalt. 

At one place north of the plain, more than half the section is old 
basalt, but a few flows of andesite and rhyolite, separated by acidic 
tuff, make up the top of the series. At this place, much of the upper 
part is eroded, leaving a fairly large area of the older basic material 
exposed. 

At another place one basalt flow and several andesites make up 
the base of the column. On the gently sloping benches bordering this 
exposure, appear higher uneroded flows of latite and rhyolite which 
apparently top the series here. 

Most of the Centennial Range is covered at the surface with 
rhyolites, latites, and trachytes. The lower-lying andesites are ex- 
posed mainly in the stream valleys and cliffs. 

The Tertiary late lavas appear to have occurred in widespread 
flows, many of which were observed to have areas of at least 100 
square miles. Along the entire Centennial Range, only one source 
was recognized. 

Flows in the eastern part of the plain undoubtedly belong to the 
widespread westward-extending sheets of Yellowstone National 
Park. It may be that a great part of the lava in the plain owes its 
origin to this source. Southeast of the Snake River plain about a 
dozen old, but relatively small, acidic lava and tuff cones have been 
recognized. These, of course, would suggest a manner of distribution 
of the acid lavas very similar to that of the Snake River basalt. Six 
flows with an average thickness of less than 50 feet each were noted 
at several places in this series. 

Distribution.- 


In the map area the rhyolite is found in one large exposure south of the down 
warp, and three smaller ones on the north side. South of Snake River it occurs 
ns. 26, EW, t,t, SW, 1.6 maw. 1.2 0. R..s W., T. 2S. 
R. 5 W., T.1S.,R. 4 W., and T.1S., R. 3 W., B. M. This is the northern exten- 
sion of the great rhyolite sheet mentioned above which covers most of Owyhee 
County to the south. A small part of it is shown on the geologic sheet of Lind- 
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gren’s' Silver City Folio. A small exposure occurs in T. 6 N., R. 1 E., and also 
in Secs. 3 and 4, T. 5 N., R. 1 E., and Sec. 25, T.6 N., R. 1 W., B. M. The latter 
exposure is revealed by the erosion of the overlying Idaho formation and indi- 
cates that the rhyolite underlies a considerably greater area than that occupied 
by its outcrop. A small part of an extensive exposure is included in the map area 
in the northeastern part of T. 8 N., R. 1 E., and in the southeastern part of 
T. 98. et S. 
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: Fic. 10.—Mp is the Payette formation, Pr is the rhyolite series, Pi is the Idaho 
| formation, P/m is the Lower Mesa formation, and Pum is the Upper Mesa formation. 


Mb is Columbia River basalt. 
Thickness, lithology, and attitude —-A measured thickness of over 
1,850 feet of rhyolite is exposed in Little Squaw Creek Canyon east 


* “Tescription of the Silver City Quadrangle.” 
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of French John Hill. At several places 1,500 feet of rhyolite are ex- 
posed without revealing the entire thickness. In the southern part 
of T.1 N., R. 5 W., the flows dip at angles of 3° to 5° to the north 
and northwest. In the northern part of the township the dip gradu- 
ally steepens to 8°, 10°, and 11° to the northeast (see Figs. 1, 2, 5, 
ro, and 11). In T. 2 N., R. 5 W., the dip steepens to 15° and 16° to 
the northeast. At several places in T. 1 N., R. 4 W., dips of 15° to 
the northeast are encountered. 

The general dip is toward the down-warp axis, and is generally 
gentle at some distance from the plain but gradually steepens until 
it plunges under the lake beds of the Idaho series (see Figs. 1 and 2). 





Fic. 11.—Looking west at an intermontane valley near Rockville. The foreground 
is underlain by Payette formation. The higher land in the distance is composed of 
overlying Owyhee rhyolite flows. 


At places the rhyolite certainly overlies the Payette lake beds 
without angular unconformity. At one or two places the lake beds 
appear to dip more steeply than the rhyolite. This, of course, is not 
certain because the dip in lava flows is more obscure than that of the 
bedding planes of the sediments. 

At the Pearl area the rhyolite also underlies the Idaho formation 
and dips with the lake beds southwesterly to the axis of the down- 
warp at angles of 4° to 7°. The series here has been eroded until a 


thickness of only 200 feet remains. 

East of Squaw Creek in T. 9 N., R. 1 E., B. M., the rhyolite over- 
lies the lower series of the Columbia River basalt, as well as the 
granite. It dips to the west at the low angle of 5°. Over 700 feet of 
rhyolite is exposed in this locality, although much erosion has re- 
moved some of the original thickness. The following descriptions of 
acid rock collected by the writer from outside the map area are based 
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on petrographic studies made by Professor Alfred L. Anderson, of 
the University of Idaho. About 100 rock types were studied and the 
following descriptions were chosen to represent typical occurrences 
over a wide area: 

One rhyolite characteristic of the acid types of this series is pale lavender to 
mauve in color. A layered fluidal structure is caused by alternating deep laven- 
der, dense and stony bands, and cream-colored porous bands of feldspar and 
quartz. Glassy phenocrysts of oligoclase are present in both bands. More 
crystalline quartz occurs in this type of rock than in the other acidic types. It 
is generally in lenselike seams in the light-colored porous bands. Biotite is 
recognizable. About go per cent of the rock is a microspherulitic ground mass 
estimated to contain 66 per cent orthoclase and 22 per cent quartz. Phenocrysts 
of oligoclase polysynthetically twinned make up 2 per cent. The cream-colored 
bands of quartz and feldspar make up 8 per cent of the rock. The orthoclase 
formed first and is surrounded by anhedral quartz. It appears that the lava 
cooled very rapidly, permitting a microspherulitic mass to form with cavities 
and vesicles filled with aqueous solution of orthoclase and quartz, residual 
juices, to crystallize slowly. Biotite constitutes 2 per cent of the mass, but was 
originally more abundant. Hematite developed from the biotite gives the rock 
its color. Magnetite makes up two per cent of the total. 

The trachytic type of rhvolite, the most common in the series, contains no 
observable quartz. The rock is dense, slightly porphyritic, and of a pinkish 
cream, or lavender, color, with faint fluidal structure. The rock rings like phono- 
lite when struck. Infrequent phenocrysts of dull white oligoclase comprise less 
than 1 per cent of the mass. Altered hornblende crystals are accessory. 

The ground mass is eutaxitic and cryptocrystalline, and apparently chiefly 
orthoclase. The texture is that of a rhyolite; and, although quartz could not be 
identified, its presence is inferred from this texture. This rock also has lenses 
filled with orthoclase probably crystallized from a slowly cooling solution in 
cavities of a quickly chilled magma. Magnetite and hematite are unimportant 
accessories. 

Another trachytic type of rhyolite is darker lavender with more pronounced 
fluidal structure. The weathered lava possesses knotty seams, and ridges in 
high relief, like the bark of yellow pine. It also rings when struck. Its pheno- 
crysts are orthoclase and sanidine. No quartz is observable, and the rock is less 
acid than the preceding one. Nevertheless, it is called rhyolite because of the 
texture. 

A dark-gray rhyolite which is generally present in the area is highly vesicular. 
The cavities are often several inches long and an inch across. Flow structure is 
dominant and fine lines of lavender alternate with black glassy bands. Sanidine 
crystals are abundant. They are glassy and lathlike forms, and the fluidal lines 
curve around them. They comprise 4 per cent of the rock and are characterized 
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by a notable cleavage. The seams and cavities in this rock are lined with sub- 
hedral orthoclase crystals, indicating that after the main mass had quickly cooled 
these cavities retained aqueous solutions which crystallized slowly. Hematite 
has formed from hornblende. No quartz is observable, but the texture is that 
of a rhyolite. 

A latite porphyry, little different from the other types described, contains 
more hornblende, due perhaps to slower cooling conditions. The color is laven- 
der, but no flow lines show. About 80 per cent of the phenocrysts are andesine 
and 20 per cent hornblende. The groundmass is 55 per cent orthoclase, 5 per 
cent quartz, and the rest glass. Magnetite, hematite, and biotite are accessories; 
and the hornblende is rich in iron. 


Lindgren’ said, 

Porphyritic crystals are represented by small sanidines, and by occasional, 
though not abundant, quartz grains. Biotite is seldom noted, although partially 
resorbed crystals of that mineral are sometimes seen under the microscope. The 
groundmass is nearly always cryptocrystalline, is frequently filled with small 
spherulites, and shows a banded structure of alternating lighter and darker 
brownish streaks. Pure rhyolite glass occurs in specimens from the small area 
4 miles east of Dewey. More rarely is the rhyolite microcrystalline in structure. 
Rock of this type is found in the small area 4 miles east-southeast of Rockville. 
Its appearance, owing to the dark color of the rock and its dense texture, is not 
unlike that of certain basalts. This variety contains a few larger orthoclase 
crystals, smaller and rounded grains of andesite in a groundmass of feldspar 
grains, and microcrystalline quartz. 


The rhyolite north of the plains is similar in character. Bryan,’ in 
describing the same series in a nearby area, said, 

The porphyritic rhyolite is massive, is marked by strong flow lines, and has 
the conchoidal fracture and brittleness of lavas of the rhyolite group. The main 
body is prevailing red and is speckled with feldspar phenocrysts, but in places in 
this mass the rock is dark gray or black. . . . . The absence of noticeable quartz 
phenocrysts and the glassy character of the ground mass made classification 
difficult. 


He divides the porphyritic rhyolite into four phases, unlike in ap- 
pearance but similar in composition, namely, red felsite, felsite 
breccia, pitchstone, and pitchstone agglomerate. He said, 


* “Description of the Silver City Quadrangle,” p. 4. 

? Kirk Bryan, ‘‘Geology of Reservoir and Dam Sites with a Report on the Owyhee 
Irrigation Project, Oregon,” U.S. Geol. Surv. Water-Sup ply Paper 597-A., (Jan. 1929), 
Pp. 44. 
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The red felsite is a massive aphanitic rock of a dull red to magenta here with 
colorless feldspar phenocrysts. ... . The phenocrysts are seen to consist of 
calcic andesine (Ab,; An,;) and there is in small quantity a mineral of high bire- 
fringence that seems to be augite. Many slides show no quartz .... The 
ground mass is generally glassy with a considerable amount of microcrystalline 
calcic feldspar. 

It is obvious from the foregoing description that the acidic sheet 
which occurs extensively throughout southern Idaho possesses un- 
usual characteristics which are common over its entire area. There is 
no question in the mind of the writer that the Owyhee rhyolite is the 
same series as Bryan’s' “porphyritic rhyolite,” and that both are 
parts of the Tertiary Late Lava series described by the writer? in 
Pamphlet 19. 

PLIOCENE AND PLEISTOCENE BASALT 
SNAKE RIVER BASALT 

Several thin, slightly tilted, basalt flows occur interbedded with, 
or overlying, the Idaho formation in parts of Boise, Bisuka, Nampa, 
and Silver City quadrangles. These flows represent the western- 
most extensions of a vast area of Snake River basalt which covers 
the lake beds to the east and extends to Yellowstone Park, and at 
places partly fills the basin formed by the Snake River downwarp. 

Russell’ said, 

The name Snake River lava is here proposed as a general term by which to 
designate the basaltic rocks that underlie by far the greater part of the Snake 
River plains, and to a great extent form their actual surfaces. ... . In certain 
localities in the west portion of the Snake River plains lava sheets are more or 
less completely covered by sedimentary deposits. ... . The change is gradual 
from where the lava is the most prominent surface feature in southeastern 
Idaho to where, at the west, sedimentary deposits greatly predominate. 

The occurrence in other parts of the down-warp has been dis- 
cussed by the writer‘ in former papers. In Pamphlet 19 he said, 

This type of lava rock, commonly called the Snake River basalt, appears 
everywhere as the surface lava in the plain area. At some places it is covered 

* Tbid. 2 Op. cit. 

3 I. C. Russell, ‘Geology and Water Resources of the Snake River Plains of Idaho,” 
U.S. Geol. Surv. Bull. 199 (1902), p. 59. 

4Virgil R. D. Kirkham, ‘‘A Geologic Reconnaissance of Clark and Jefferson and 


Parts of Butte, Custer, Fremont, Lemhi, and Madison Counties, Idaho,” Jdaho Bur. 
of Mines and Geol. Pamphlet 19; also Idaho Bur. of Mines and Geol. Bull. 8 
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with an overburden of gravel or soil and at others it has been eroded so as to re- 
veal lower lying lavas of another series. 

The basalt does not extend as embayments in the valleys, as has been said of 
this area. No Snake River basalt extends into the valleys on the northeast or 
northwest of the plain. 

Basalt flows do, however, occupy some of the valleys which enter the plain 
from the southeast. These valleys lie outside the mapped area and in all in- 
stances the basalt does not represent embayments, but flows which have orig- 
inated in the upper part of the valley and flowed toward the plain. At some 
places the flow joined the basalt of the plain and at other places failed to reach 
that far. This valley basalt, because of its lithology and relationship to the 
underlying formations, is assigned the same age as the lava in the plain. 

Most of the cones have volcanic necks of diabase, and the craters contain 
much scoria, but the flows vary greatly in texture from fine-grained stony 
rock, to vesicular and porphyritic types. The basalt is generally a heavy dark 
gray to black rock which contains varying amounts of olivine, magnetite, and 
labradorite. No specimen can be described which is typical of any great area. 
More than 100 different flows of about 20 different ages were noted. At no place 
was a flow more than 15 miles long, or covering an area greater than 125 square 
miles, seen in the Snake River basalt area. A few lava cones have extruded 
flows covering areas from 75 to 100 miles in area. The greater number, however, 
are much smaller and represent only a few square miles. The thickest flows ob- 
served were no more than 50 feet and most of them appear to be much less in 
thickness. At no place were widespread lava sheets, similar to those of the 
Columbia River lava, recognized. A possibility exists that earlier and basal 
flows may have been extruded from fissures and were more widespread than 
those showing at the present surface. 


Distribution. 


In the map area the Snake River basalt occurs in Tps. 1 and 2 N., R. 1 E., 
T. 1 S., R. 1 E., and Tps. 1, 2, and 3 N., Rs. 1 and 2 W. Three small areas 
separated from the main flow by river planation lie near Caldwell in T. 4 N., 
R. 3 W. This is the westernmost exposure of Snake River basalt in Idaho. An- 
other exposure of an upper flow lies in T. 2 N., R. 3 W., near the top of Pickles 
Butte. A small remnant of the western flow lies in sec. 36, T. 3 N., R.4 W. A 
lower flow crops out in the northeast wall of Snake River Canyon in T. 1 S., 
R. 2 W., T. 1 N., R. 3 W., T. 2.N., R. 3 W., and T. 2 N., R. 4 W., B. M. 


Thickness and extent.—The flows in this area are parts of a wide- 
spread sheet which, according to Russell,’ extends, “‘in the neighbor- 
hood of 20,000 square miles,” and is credited by him as the second 


1 Op. cit. 
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largest lava field in North America. Two separate sheets occur in 
the Silver City quadrangle, which average about 25 feet each in 
thickness. The flow in Nampa quadrangle varies from 15 to 50 feet 
in thickness. Several flows in the Bisuka area represent a much 
greater but unknown thickness. The Snake River Canyon, at places 
east of Buhl, shows a thickness of 700 feet of Snake River basalt. 

Wells in the plains area of Butte County to the east of the map 
area have penetrated more than 1,000 feet of this lava series. 

Lithology.—At all places the basalt is less weathered and usually 
more fine-grained than Columbia River basalt. It is a heavy, dark 
gray to black rock which contains greatly varying amounts of oli- 
vine, magnetite, and labradorite. Both in megascopic and micro- 
scopic analysis it is easily distinguished from Columbia River basalt 
by texture and composition. 

Origin.—In the map area the basalt flowed from cones and central 
vents which are indicated by a star-shaped map symbol (see Fig. 1). 

In the neighborhood of Kuna are seven local sources from which 
the lava was quietly extruded. Lying in the northern half of T. 1 N., 
R. 1 W., B. M., with its crest in Section 10, rises a great lava mound 
which represents one of the highest lava cones found anywhere in 
the Snake River plain. 

This cone rises over 600 feet above the surrounding plain and 
covers an area of about 11 square miles. Minor vents are located on 
its sides. Another important cone lies in Section 20. Initial Point is 
also a source of eruption. East of Walters Butte, in Secs. 10 and 15, 
T. 1 S., R. 2 W., occur three small eruption centers from which 
much ash and tuff as well as lava have been ejected. 

The Pickles Butte area has three vents from which flows have 
originated. They lie in Secs. 22, 23, and 29, T. 2 N., R. 2 W. 

Two small basalt plugs from which flows may have extended are 
located in Sec. 35, T. 3 N., R. 4 W. A small lava remnant in Section 
36, appears to have been extruded from one of these. Three prac- 
tically circular basaltic plugs occur in T. 1 N., R. 40—one lies in 
Section 12, the others are in Section 13. Five plugs occur in T. 1 N., 
R. 3 W., with two in Section 18, two in Section 19, and one in Section 
29. Two plugs occur in Sec. 9 T. 1 S., R. 3 W. One plug lies in Sec. 
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24, T. 2N., R. 4 W., B. M. Two plugs in Secs. 18 and 19, T. 2 N., 
R. 3 W., have apparently been the source of part of the lower flow 
in the Snake River Canyon. 





Fic. 12.—Basalt sill intruded into the Idaho formation east of Marsing and the 
Snake River. Nearly all of the overlying Idaho sediments have been removed by ero- 
sion. 





=* 


Fic. 13.—Basalt plug east of Snake River in the Silver City quadrangle; typical 
of those intruded into the Idaho formation. 


MODES OF OCCURRENCE 

The Jurassic(?) granodiorite and Miocene(?) granodiorite occur as 
batholithic intrusions. These are accompanied by pegmatite, aplite, 
lamprophyre, and basalt dikes. At least one sill was recognized 
where Snake River basalt lies intercalated in Idaho sediments. This 
occurs about 2 miles east of Marsing and Snake River (see Fig. 12). 
Outside the area one exposure of Miocene granite has a laccolithic 
relation where it arches up the Payette sediments. Many plugs 
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occur and were, in some cases, feeders to flows now removed by 
erosion. In other cases they may never have reached the surface un- 
til exposed by erosion (see Fig. 13). 

The Permian volcanics consist of flows, agglomerates, tuff, and 
breccias. The Columbia River basalts include minor tuffaceous 
layers interbedded with flows. The Owyhee rhyolite contains some 
agglomerate and tuffaceous phases with massive flows. The Snake 
River basalt occurs chiefly in this area as flows and plugs, but is ac- 
companied by much lapilli in some localities. Outside of the area to 
the east are many cinder cones. 

SUCCESSION OF IGNEOUS ACTIVITY 

Explosive volcanic activity marked the period of extrusion of the 
Permian volcanics which may have extended into the Triassic. Coin- 
cident with the intrusion of other western batholiths, occurred the 
Idaho batholithic intrusion, probably in the late Jurassic. 

In the Middle or Upper Miocene occurred the extrusion of the 
first flows of Columbia River lava. After a period of quiescence, 
there occurred the second extrusion of Columbia River lava in Upper 
Miocene time. 

The Miocene or Pliocene granodiorite intruded the Columbia 
River basalt and Payette lake beds, and the Owyhee rhyolite was 
probably extruded at about the same time or a little later. These 
two events may have occurred at the close of the Miocene, rather 
than in the Pliocene, because they were succeeded by a period of 
erosion now expressed by a notable disconformity. Some of the 
Snake River lava outside the map area to the east may be Pliocene, 
but much of it is more certainly Pleistocene in age. In the area 
farther east flows have occurred probably within the last few hun- 
dred years. 
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ANOTHER KANSAS METEORITE 


H. H. NININGER 
Colorado Museum of Natural History 


GARRETT A. MUILENBURG 
Missouri School of Mines 
ABSTRACT 

The Covert meteorite is a veined spherical chondrite which fell at least 35 years ago 
and thus contributes to our knowledge of the rate and manner of disintegration of stony 
meteorites after landing on the earth. 

The Covert meteorite is the twenty-first meteorite discovered 
within the borders of the state of Kansas. It is notable as being a 
stony meteorite of unwitnessed fall, for only rarely is one found with- 
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~O- Stones of witnessed fall. 

© Stones of unwitnessed fall. 
@ Irons of unwitnessed fall. 

% Pallasites of unwitnessed fall. 


Fic. 1.—Kansas meteorites 


out the sight of fall as a guide to the searchers. In Kansas, however, 
this is the twelfth stony meteorite to be recorded whose arrival was 
not witnessed, which is about half as many as in all the rest of North 
America combined. 

The Covert fall is evidently very old. It has been known in the 
neighborhood as a “‘peculiar stone”’ for more than thirty-five years, 
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though not until a few months ago was it recognized as being meteor- 
ic. After the discovery of the first small fragment, a diligent search 
was carried on by Mr. Alex Richards and the writer, the citizens of 
the vicinity co-operating, and no less than ten specimens have been 
recovered from a territory of some 25 square miles. Some of the 
stones had lain undisturbed in the field, others had been used as 
door stops, or as a weight for the lid of a pickle jar. One had been 
used for ‘‘filling’’ in a concrete floor, and still another suffered the 
humiliation of being used to stop a rat hole in the cellar. The news 





Fic. 2.—Four stones of the Covert meteorite. Note the plow marks on the large 
one to the left. 


of its value, however, led the offender in the latter case to a diligent 
search whereby he recovered the stone from the long-abandoned and 
filled-in cellar. 

The Covert stones, because of their long exposure to the elements, 
do not present an easy problem of study, but several features are 
nevertheless plainly evident. On a polished surface a considerable 
number of spherical chondri can be easily discerned. These vary in 
size from semimicroscopic to 3 mm. in diameter. They are dark in 
color—probably due in many cases to iron-stain. The freshly sawed 
specimen shows the chondri much more distinctly than after polish- 
ing. On such a surface the greater part of the meteorite appears to 
be chondritic. 

The metallic grains are mostly small, irregular, and of unequal 
distribution. They average somewhat smaller in dimensions than 
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those of the Long Island meteorite, but on one slice were found two 
metallic grains of considerable size, one measuring 4X 23 mm. and 
the other almost as large. The larger one practically enclosed a 
nodule of troilite about one-third its own size. In sectioning a 13 
kg. mass it was found to be badly fractured throughout, and the 
metallic constituent was entirely lacking near the fissures. This is 
attributed to weathering. However, in sectioning two small incom- 
plete individuals, weighing about 500 gm. each, one was found to 
contain metallic grains in abundance, whereas the other showed 
practically none at all, but instead an abundance of small grains of 
sulphide. It would seem, therefore, that there was originally an un- 
equal distribution of metal. Troilite grains are abundant and rather 
equally distributed. They are of very small size. Very few were 
noted larger than about half a millimeter in diameter. 

The polished surface presents a bewildering maze of veins from a 
millimeter in thickness to microscopic dimensions. These are char- 
acterized by the usual bluish-black lustrous appearance and are 
readily distinguished from the fractures due to weathering. On a 
sawed surface there seems to be strong evidence of a brecciated 
condition. This may be due to the effects of unequal weathering, 
but I think more likely that the specimen was more or less brecciated 
at the time of falling. 

The ground mass ranges from dark greenish gray to reddish brown, 
the latter coloring probably due to the diffusion of oxidation prod- 
ucts. In general appearance the stone resembles the one from Long 
Island but differs from that famous meteorite in that the crust is 
more reddish in color; also, Covert is more abundantly veined, the 
metallic grains are slightly smaller, and the brecciation noted is 
not characteristic of the Long Island stone. 

The stones recovered from this ancient fall range in size from 196 
gm. to 13,000 gm. The latter weight belongs to a badly mutilated 
specimen which has probably lost one-fourth of its original weight 
by hammering. Some of the individuals are almost complete and 
are covered with the original fusion crust, which is, of course, badly 
discolored by oxidation products. These individuals in most cases 
show many fractures from weathering. 

The meteorite is classified as a veined spherical chondrite and 
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shall be known as the ‘‘Covert meteorite.’ It makes an important 
contribution to our knowledge of the rate and manner of disintegra- 
tion undergone by stony meteorites after landing on the earth, 
since we know at least the minimum period of its residence on this 
planet, namely, thirty-five years. 


PETROGRAPHY OF THE COVERT, KANSAS, METEORITE 


The fragments of this stone available for petrographic study were 
all very much oxidized and decomposed, making accurate identifica- 
tion and description difficult. The thin section shows most of the 
mass to be olivine and enstatite, the former revealing the usual 
fractured appearance and the latter the low birefringence so char- 
acteristic of this mineral. Both the orthorhombic and monoclinic 
varieties were noted. Extinction angles in the monoclinic variety 
averaged about 23°. Both olivine and enstatite occur as anhedral 
grains and in subhedral crystals, surrounded by a fine-grained, con- 
fused aggregate of brecciated or tuffaceous material, consisting very 
largely of these same minerals. They also occur as the principal con- 
stituents of chondrules which are fairly numerous in the mass. The 
chondrules exhibit the usual structures. Some are distinctly crystal- 
line, while others are more or less fibrous with a radiating fanlike 
structure. Many are broken, and hence show only a part of the typi- 
cal outlines. A few exhibit cellular structure such as can be seen in 
cross-sections of plant stems, with the central part of the cells filled 
with a brownish, semitransparent, isotropic substance. Mineralogi- 
cally, some are composed of olivine alone, others of enstatite, and 
still others of a mixture of the two minerals. 

In a few places in the slide, lath-shaped, polysynthetically twinned 
crystals may be seen. These are probably a basic plagioclase feld- 
spar. The crystals are too small and too much altered to permit 
accurate or positive identification, but their form and rather low 
birefringence suggest plagioclase. 

Both enstatite and olivine are extensively altered to iron oxides 
and other secondary products. Limonitic material is present in 
abundance and colors the rock brownish. In addition there is a dark- 
red mineral with faint pleochorism which is characteristically found 
in fractures in olivine; and surrounding crystals which, from their 
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relations, seem to be an alteration product of olivine. This mineral 
is probably iddingsite. Throughout the slide there is an abundance 
of magnetite, both primary and secondary. The secondary material 
is intimately associated with the olivine and enstatite and frequently 
replaces them to such an extent that only a small core of the original 
mineral remains. It is quite probable that some of the primary 
magnetite may be chromite, as it is somewhat brownish in color and 
slightly transparent on thin edges. 

Metallic iron in exceedingly irregular and jagged masses is present 
throughout the slide; and a sulphide, probably pyrrhotite, com- 
pletes the list of minerals observed. 


KANSAS METEORITES 
1. Admire. Pallasite. Found 1891. 30 kg. (66 lb.). Several masses. 
2. Anthony. Stone. Found ro1g. 20 kg. (44 lb.). One stone. 
3. Brenham. Pallasite. Found 1885. 1,600 kg. (3,500 lb.). Several thousand 
masses. 
4. Coldwater. Iron. Found 1923. 18.4 kg. (40.5 lb.). One mass. 
5. Coldwater. Stone. Found 1924. 5.5 kg. (12 lb.). Two masses. 
6. Covert. Stone. Found 1929. 37 kg. (80 lb.). Nine stones. 
. Cullison. Stone. Found ro1t. 10 kg. (22 lb.). One stone. 
8. Elm Creek. Stone. Found 1906. 7 kg. (15.4 Ib.). One mass. 
9. Farmington. Stone. Fell, 1890, June 25, 1.00 P.M. go kg. (197 lb.). Two 
masses. 
10. Jerome. Stone. Found 1894. 29.8 kg. (65 lb.). Three masses. 
11. Long Island. Stone. Found 1801. 565.4 kg. (1,244 lb.). One broken mass. 
12. Modoc. Stone. Fell 1905, September 2, 9:30 P.M. 30 kg. (66 lb.). One hun- 
dred stones. 
Ness County. Stone. Found 1897. 17 kg. (37.5 lb.). Twenty-six stones. 
14. Oakley. Stone. Found 1895. 27.7 kg. (61 Ib.). One mass. 
5. Ottawa. Stone. Fell 1896, April 9, 6:00 P.M. 0.9 kg. (1.9 Ib.). One mass. 
16. Prairie Dog Creek. Stone. Found 1893. 2.9 kg. (6.4 lb.). One mass. 
17. Saline. Stone. Fell 1898, November 15, 9:30 P.M. 30.9 kg. (68 Ib.). One 


mass. 
18. Scott City. Stone. Found 1905. 2,200 gm. (5 lb.). Two stones. 
19. Tonganoxie. Iron. Found 1886. 11.8 kg. (25 lb.). One mass. 
20. Waconda. Stone. Found 1873. 50 kg. (110 lb.). One stone. 
21. Zenith. Stone. Fell about 1900, June. 20 kg. (44 Ib.). One mass; 14 lb. pre- 
served. 
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DISCUSSION OF 
“A STRUCTURE SECTION ACROSS THE CANADIAN 
ROCKIES” BY PERCY E. RAYMOND AND 
BRADFORD WILLARD 


RALPH L. RUTHERFORD 
University of Alberta 
PERCY E. RAYMOND 
Harvard University 


CRITICISM BY RALPH L. RUTHERFORD 


In these days of numerous geological publications, one does not 
have time to read detailed descriptions of many areas; and when a 
summary or general article on an area is published, it is usually more 
widely read than are the detailed reports covering the area. Further- 
more, such general articles frequently appear in a periodical which 
has a wide distribution. The contribution by Raymond and Willard,’ 
appearing in this Journal, is one of these general articles. 

In tabulating the stratigraphic succession at different points, the 
authors have seen fit to include some Lower and Upper Cretaceous 
formations (Table IV) and, in so doing, state that the Mesozoic is 
adapted from Cairns’s report on the Moose Mountain area, pub- 
lished in 1914.2 To anyone familiar with the Cretaceous succession 
in the foothills along the Bow River near the Rocky Mountain front, 
this Cretaceous succession as given by Raymond and Willard seems 
so incorrect that it should not be allowed to stand without comment. 

The field work for Cairns’s report was done in 1905 and the report 
first published in 1908, according to a footnote appearing in the 1914 
edition. Cairns made some mistakes as to the geological succession. 
This was only natural, as he was working in an area considerably 
removed from any that had been studied in detail, and as, in at- 
tempting to correlate with these distant areas, he misinterpreted 
parts of the succession. 

Since 1905 there has been much work done in the foothills east 
of the mountains, from the Bow River south; and the results of this 

* Jour. Geol., Vol. XX XIX, pp. 97-117. 2 Geol. Surv. Can., Memoir 61. 
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work are contained in the reports of the Geological Survey of 
Canada. 

In 1926, I made a geological survey of a belt along the Bow River 
across the foothill belt to the first limestone overthrust. The report 
on this work was published early in 1927.’ In this report I attempted 
to show wherein Cairns had made his mistakes in the Upper Cre- 
taceous succession, and also assigned thicknesses to the various for- 
mations occurring in this district. Since then, Dr. G. S. Hume, of 
the Geological Survey of Canada, has published three summary re- 
ports dealing in part with the Cretaceous succession.? Dr. Hume’s 
succession and mine are essentially the same, both as to lithological 
succession and thickness, except for differences due to lateral varia- 
tions. The following will serve to illustrate the difference between 
what Hume and I have found and that given by Raymond and 
Willard. 

In the upper part of their Table IV, the Blairmoie is give as g50 
feet. Cairns gave 1,700 feet for this formation near Moose Mountain 
and goo feet farther east. Hume has measured the section near 
Moose Mountain and gives 1,700 feet as the thickness. 

Similarly with respect to the Benton, in Table IV, 775 feet is 
assigned to it. Hume’s thickness for the two divisions of it averages 
from 2,700 to 3,000 feet, and mine about 3,400 feet. The greater 
thickness of mine is perhaps due to measurements made farther west 
than most of those by Hume. 

There is no Pakowki shale formation in the foothills in this dis- 
trict. 

Table IV gives Belly River as 1,025 feet. Hume’s measurement of 
the section along Highwood River is 2,705 feet, and my thicknesses 
are from 2,500 to 3,000 feet. This formation thickens from east to 
west also. 

There is no Bearpaw shale in the foothills belt north of Turner 
Valley. 

If we add up these thicknesses, we find that Raymond and Willard 
give approximately 3,600 feet for this part of the Cretaceous suc- 
cession near the Rocky Mountain front. Hume’s thickness for these 


* Research Council of Alberta, Report No. 17. 
2 Geol. Surv. Can., Summary Repts., 1926, 1927, 1929. 
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formations in the foothills belt adds up to about 7,400 feet, and mine 
to over 6,000 feet without the Blairmore formation. In other words, 
Hume’s succession and mine are over twice as thick as that given by 
Raymond and Willard. Furthermore, neither Hume nor I have rec- 
ognized the marine Pakowki shale and Bearpaw shale along the 
Rocky Mountain front, and it is now definitely known that the 
Bearpaw and Pakowki seas did not extend within many miles of the 
Rocky Mountain front on the Bow River. 

I have worked several seasons on the Upper Cretaceous succession 
in the Alberta foothills, and Hume has spent four seasons on these 
beds in the foothills south of the Bow River. Our findings ought to 
be more correct than those of Cairns. 

They also state that at Kananaskis the thrust of Palaeozoics onto 
the Cretaceous represents a throw of about 10,000 feet. This may be 
correct if it is assumed that there is no duplication of the strata un- 
derlying the thrust plane. The type of foothill and mountain struc- 
tures in these districts suggests to me that such an estimate based on 
the thickness of the stratigraphical succession is not very likely to 
be correct, since duplication of strata is prevalent in almost all ex- 
posed foothill structures. 

I will not go beyond this first thrust and the Cretaceous rocks 
along the eastern front, because my field work stops there; but it is 
to be hoped that the section is more accurate in the mountainous 
portion than in the foothill belt. 

In conclusion it would seem that some mention might have been 
made of Dr. Warren’s recent paper “Sedimentary Record in the 
Rocky Mountains at about the Fifty-first Parallel.’’ This is a gen- 
eral paper dealing with approximately the same succession in the 
same general district. 


REPLY BY PERCY E. RAYMOND 


I much regret that I was unfortunate enough to miss Dr. Ruther- 
ford’s paper when I was attempting to compile a section of the Cre- 
taceous strata in the foothills east of the Rockies. My only excuse is 
that we have no copy of it in our library at the Museum of Compara- 
tive Zodlogy. I should have made greater effort. 

Hume’s Summary Report for 1929 reached Cambridge after the 
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manuscript had left my hands. As the most modern interpretation 
of the strata in question, his section in the Highwood-Jumpingpound 
anticlinal area may be inserted here to replace our table adopted 
from Cairns. 


SI ho oy wie cw ih we en Upper Cretaceous 1, 300 feet? 
Bearpaw....... iaeaite cine Upper Cretaceous o—100 feet 

Belly River..... .sseeeeee.... Upper Cretaceous 2,000?-2,700 feet 
2. Upper Cretaceous 1, goo feet 

Lower Alberta................Upper Cretaceous 850 feet 
Blairmore..... -seeeeees+.Lower Cretaceous 625 feet+ 
Kootenay .. ; ...e.+.....Lower Cretaceous 450-575 feet 


The Alberta formation is the same as the Benton of older reports. 
In most instances these soft formations are either so poorly exposed 
or so much distorted that the thicknesses given by all writers are ad- 
mittedly estimates. There are a few exceptions, such as Hume’s 
value of 2,700 feet for the Belly River, Slipper’s figure of 950 feet for 
the Blairmore, which we inserted in our table, and in general, the 
thicknesses of the thinner formations. All of the figures given by 
Rutherford in the article to which he refers are estimates, but un- 
doubtedly much more accurate estimates than those made by 
Cairns. 

As may be seen by the mark of interrogation after Pakowki in our 
table, we believe the correlation open to question. The upper strata 
of the Upper Alberta shale contain what is admitted to be a Mon- 
tanan fauna, whereas the strata below are of Coloradan age. In 
southern Alberta the Pakowki occupies the stratigraphic position of 
the upper part of the Upper Alberta shale, and has, as far as is 
known, a similar fauna. The correlation is not, so far as we know, 
an impossible one. 

Admitting that there is no marine Bearpaw in the region north- 
west of Turner Valley, it is very likely that non-marine strata of the 


same age are present. They are probably included in the mass of 
sediments now assigned to the Belly River. 
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“Pennsylvania Caves.”” By RALPH W. STONE. Pennsylvania Topo- 

graphical and Geological Survey, Bull. G3, 1930. Pp. 63. 

“Cave Number.” Six articles on caves by E. R. Pohl and others. 

Journal of the Tennessee Academy of Science, July, 1930. 

If a farmer finds a good-sized cave beneath his fields in these modern 
days, he may, provided he is not too far from an electric light wire and 
a railway station or a well-traveled highway, derive a gratifying income 
from it—perhaps better than from his surface crops. He has only to 
clean up and control the entrance, construct dry paths through wet gal- 
leries and safe steps on steep slants, instal well-placed illumination, give 
fancy names to his underground halls, and then set up signs announcing 
the wonders of his subterranean possessions, here following the lead of 
many a chamber of commerce in vaunting that particular feature in which 
he leads the world. If he adds photographs of his dripstone marvels, so 
much the better, especially if they are printed on postal cards. The pub- 
lic will do the rest at about fifty cents a head. 

Stone’s account of thirty caves in Pennsylvania, ten of which are 
“open for business,” includes a good number of outline maps and some 
striking halftone views. The caves vary in length up to 2,000 feet. 
Some are followed by good-sized streams which are explored by boats. 
Dripstones are well developed in a number of them. Crystal Cave in 
the eastern part of the state, between Allentown and Reading, has been 
open to visitors since 1873, a longer period than any other of the Penn- 
sylvania thirty, but by no means so long as Mammoth Cave of Kentucky, 
which long ago became a national institution, almost rivaling Niagara. 
The Crystal Cave property was sold in 1872 for $5,000; it has been en- 
tered by thousands of visitors annually for the last fifty years, the largest 
number of paid admissions in a single day being 3,900. The present value 
of the property is not stated. 

Many of the numerous caves of Tennessee and Kentucky are pleasant- 
ly treated by different authors under the leadership of E. R. Pohl, pro- 
professor of geology, Vanderbilt University, in five articles: on the nature 
and formation of caves by B. C. Moneymaker, of the University of Ten- 
nessee; underground in Tennessee and Kentucky, by E. R. Pohl; cave 
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animals of Tennessee by J. D. Ives, of Carson-Newman College; the cave 
man in Tennessee by P. E. Cox, state archaeologist; and Tennessee caves 
in historical times by J. L. Morris, State Teachers College. A sixth article 
of more general character is on caves in mythology, by C. E. Little, 
George Peabody College. Thirty-six halftones of cave views are well re- 
produced; they are as usual, mostly of dripstones, with little attention 
to cave walls. But Figure 1 shows dripstones growing over walls apparent- 
ly fluted by water trickles; Figure 7 shows part of a gigantic rock-walled 
pit, down which a waterfall is said to thunder for over 100 feet; Figure 
15 exhibits curious roof pendants of rock, not dripstone; and Figure 40 
represents an enormous canyon-like passage with smooth roof and elab- 
orately fluted walls, over 700 feet long and 100 feet high. These roof- and 
wall-features bear much more directly on the debatable processes of cave 
production than do dripstones which, although beautifully marvelous in 
their ever-varied forms, are concerned chiefly, if not only, with cave de- 
struction by replenishment. 

The maps of several Pennsylvania caves in Stone’s report show looped 
passages; and a number of the many caves in Tennessee, as described 
twelve years ago by Bailey (who is, surprisingly enough, not mentioned 
by the present writers on Tennessee caves), have intercommunicating 
passages of more or less labyrinthine pattern. Similarly tangled passages 
are famous in some of the larger Kentucky caverns. Insufficient atten- 
tion is directed to this striking characteristic, or to the nature of the 
rock walls; for these two features are, in the opinion of the reviewer, 
strongly indicative of limestone solution below the water table of the 
time when the caves were produced, as was suggested for caves in gen- 
eral some twenty years ago by Grund. No consideration is given to this 
view of cave origin in the present articles, in which excavation by vadose 
water or by water-table streams during the current cycle of erosion is 
either explicitly stated or implicitly suggested; nor is any attention given 
to the possibility that the caves of Pennsylvania and of Tennessee and 
Kentucky may have been excavated during past cycles of long-continued 
erosion even to peneplanation; for then, as is well understood actually to 
have been the case for all three states, their cave limestones must have 
lain below present baselevel, subject to persistent water-logging for mil- 
lions of years, a vastly longer time than that which has elapsed since 
those states and their neighbors assumed their present altitude and the 
current cycle of erosion produced their not greatly widened valleys be- 
tween their still abundant hard-rock uplands. A re-examination of the 


cave problem, in preparation for more seriously scientific essays in se- 
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quel to the semipopular reports above named, is fully worthy of such or- 
ganizations as the State Survey of Pennsylvania and the Tennessee Acad- 
emy of Science. Those formal organizations may here, indeed, be out- 
distanced by the individual work of some young geologists who are for- 
tunate enough to have grown up in limestone regions and who are there- 
fore probably already familiar with the more adventurous aspects of 
cave exploration, and who have later become competent to carry through 
a worthy investigation under the impartial method of “multiple-working 
hypotheses.” 
W. M. D. 


The Examination of Fragmental Rocks. By FREDERICK G. TICKELL. 
Stanford University Press, 1931. Pp. x+127; 35 line drawings 
and 26 halftones. $5.00. 

“This book is a laboratory manual and guide for students, geologists, 
chemical engineers, microscopists—in fact for all those interested in a 
practical treatment either of identity or of size and shape relationships 
of fragmental rocks.”” Also, according to the author, “‘it is the purpose 
of this manual to present some of the investigation methods developed 
by these various specialists that may be of common interest and utility 
to all of them.”’ As the author notes, however, the book is not one for 
elementary students, but it can be followed readily by anyone who has 
had the ordinary scientific fundamentals. 

The contents are as follows: chapter i, “Introduction,” 2 pages; chap- 
ter ii, “Size Analysis,” 21 pages; chapter iii, “Porosity and Permeability,” 
11 pages; chapter iv, “‘Preparation of Specimens,” 12 pages; chapter v, 
“Tdentification of Minerals,” 35 pages; chapter vi, ‘Description of Min- 
erals Found in Sedimentary Rocks,” 36 pages; and “Bibliography,” 5 
pages. 

The chapter on size analysis deals with grain size and averages of par- 
ticle size as determined by microscopic count, screen analysis, and water 
classification (elutriation). It also discusses the degree of rounding, ex- 
pressed quantitatively by a method modified by the author from that of 
E. P. Cox, statistical and graphic statements of mechanical analyses, and 
of the state of aggregation of sediments, and a note on the making of thin 
sections (which could better have been included in the chapter on prep- 
aration of specimens). Perhaps of most interest in this chapter is the 
water-classification method which is outlined, and based on the work of 
Odén, Svedberg, and Schramm and Scripture, and the discussion of the 
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frequency distribution curves based on the mechanical analyses. The 
former is a good example of how the student of clastic sediments may 
profit by the work of ceramists and other technologists. 

In the chapter on porosity and permeability nine pages are devoted 
to the methods of porosity determination and somewhat less than two 
pages are devoted to a discussion of permeability. 

The chapter on the preparation of specimens deals briefly with treat- 
ment of the sample preliminary to separation of the sample into fractions, 
and to separations based on specific gravity, magnetic permeability, elec- 
trical conductivity, and dielectric properties of the component minerals. 
The author discusses panning as a preliminary method of concentration 
of the “heavy minerals.’’ This method, though commonly used, has been 
adversely criticized by F. Smithson (‘“The Reliability of Frequency Esti- 
mations of Heavy Mineral Suites,”’ Geol. Mag., Vol. LX VII [1930], p. 134) 
for the accurate determination of heavy mineral frequencies. The writer 
fails to note the improvement in technique by using alcohol or acetone 
(C. S. Ross, ‘Preparation of Sedimentary Materials for Study,”’ Econ. 
Geol., Vol. XXIII [1928], pp. 334), rather than benzene, as a diluent for 
bromoform which makes the distillation for recovery of bromoform un- 
necessary. For separation of the heavy minerals from the finely divided 
sediments the writer gives a centrifugal method similar to that described 
by S. C. Brown. No reference is given to the abundant material dealing 
with this technique published in German. It is surprising also that the 
author uses only an evaporating dish for ordinary heavy-mineral separa- 
tion when better apparatus for this purpose has been devised. Nothing 
is said of the great care necessary in making slides for mineral-frequency 
studies, that the mounted mineral grains constitute a very carefully quar- 
tered fraction of the whole separate—unless the whole separate itself can 
be mounted. In fact, no space whatever is devoted to the methods of de- 
termining mineral frequencies (though in the second chapter considerable 
space was devoted to particle-size frequencies as based on microscopic 
count). Nor is there any discussion of the question of sampling and quar- 
tering at any place in the book, though this phase of the work is most 
fundamental in all laboratory studies of sediments. 

The chapter on the identification of minerals reviews briefly some of 
the fundamentals of crystallography, optical mineralogy, and _spec- 
troscopy. The discussion of the use of the spectroscope is more extended 
than is usual for such a brief treatment of the question of mineral iden- 


tification. 
The last chapter contains summary descriptions of 56 sedimentary 
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minerals, alphabetically arranged, and a table or key for the identifica- 
tion of detrital minerals. The bibliography has ros titles largely of Ameri- 
can or British papers, with a small number of French references and only 
two German references. 

While on the whole the book is well done and fills a need for workers 
in sedimentary petrology, the price seems too high. 
F. J. PETTIJOHN 


Handbook of the Geology of Great Britain. A Compilative Work. 
Edited by J. W. Evans and C. J. STUBBLEFIELD. London: 
Thomas Murby & Co., 1929. Pp. 556, figs. 67. 

This work is a new and extended edition of the volume on the British 
Isles in the Handbuch der Regionalen Geologie, published some fourteen 
years ago in Heidelberg. In addition to the editors, seventeen contribu- 
tors, all of them authorities on the particular subjects with which they 
deal, have collaborated to make the treatment that of specialists through- 
out. 

Preliminary chapters on the morphology of England and Wales by A. 
Morley Davis, on that of Scotland by J. W. Gregory, and on the earth- 
quakes of Great Britain by C. Davison comprise the first seventeen 
pages of the book. The remainder of the volume is devoted to stratig- 
raphy. To each rock system is devoted a chapter, in the majority of 
cases subdivided into separate discussions of the sedimentary and igneous 
rocks by different authors. Each system has a detailed correlation table 
for the various portions of England, Scotland, and Wales, and at the end 
an extensive bibliography. Many different authorities have contributed 
the stratigraphic descriptions, but most of the igneous rocks have been 
treated by Harker. 

The editors seem, to the reviewer, to have secured a very commend- 
able uniformity of treatment, and the individual contributors to have 
presented careful selections of the most essential facts in considerable de- 
tail, but yet in very concise form. 

Because of this conciseness, and yet wealth of factual material, so 
presented as to emphasize the features of particular significance, this 
highly authoritative volume cannot help but be of great value to all 
geologists in other parts of the world who desire information on the geol- 
ogy of Great Britain. An Appendix on the Channel Islands is also in- 


cluded. 
R. F. €. 
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La Société Géologique de France de 1880 a 1929. By EMMANUEL DE 

MARGERIE. Jubilee Volume. Paris, 1930. Pp. 81; pls. 20. 

This attractive volume was prepared for the occasion of the centenary 
celebration of the Geological Society of France. The activities of the 
Society during the first half-century of its existence have been admirably 
summarized by Albert de Lapperent for the celebration of the fiftieth 
anniversary; the task of Professor de Margerie was to do the same for 
the second half-century. This he has accomplished with notable skill, 
compressing into relatively few pages what seems to the reviewer an 
admirable summary of the progress made by French geology since 1880. 

In succession, we learn of the advances in stratigraphy, paleontology, 
petrography, vulcanology, and tectonics, followed by regional and de- 
scriptive geology. Among the large number of geologists cited for notable 
contributions are many of the foremost names of the profession. Twenty 
plates, comprising twenty-six portraits of outstanding members of the 
Society, will be particularly appreciated outside of France where their 
names and works are much better known than the men themselves. 
Several of these, notably Ami Boué, founder of the Society, Alcide d’ 
Orbigny, Elie de Beaumont, and Alexandre Brongniart, take us back to 
the first half-century. 

Account is also given of the various publications, special reunions, 
conferences, medals, prizes, and other activities of the Society. Doctor 
de Margerie has done a most useful piece of work in preparing this valu- 
able Jubilee Volume which will be welcomed by geologists the world over. 
The Journal of Geology congratulates both the Société Géologique de 
France and its very able historian, Emmanuel de Margerie. 


Tanganyika Territory Geological Survey, Annual Report, 1929. By 
E.O. TEALE. Dares Salaam: Government Printer, 1930. Pp. 60. 
An account of the progress of the survey of this vast area in Central 

Africa, including brief descriptions of the geology of small selected portions 


of the Territory. 
& & 


The Chemical Analysis of Rocks. By HENRY S. WASHINGTON. 4th 
ed. New York: John Wiley & Sons, Inc., 1930. Pp. xvi+296. 


This book is a laboratory manual of selected methods of silicate rock 
analysis in which the procedures are described unusually fully, so that 
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one with little experience in analytical chemistry can perform an analysis 
without the assistance of an instructor. 

The organization of the book is nearly identical with the previous edi- 
tion. It is divided into five parts: “Introduction,” “Apparatus and Re- 
agents,” “* “Operations,”’ and ‘‘Methods.”’ The part on ap- 
paratus and reagents describes the equipment needed for an individual 


; 


The Sample,” 


worker and is a most excellent guide for anyone who plans to establish 
a small laboratory for silicate rock analysis. The apparatus recommended 
includes many of the newer forms developed within recent years. 

The chapter on operations consists of unusually complete descriptions 
of the ordinary analytical operations. It is full of suggestions and hints, 
which, though followed almost subconsciously by the experienced analyst, 
are almost never mentioned in textbooks. 

The chapter on methods has been largely rewritten and enlarged. Sev- 
eral new methods have been added, such as the 8-hydroxyquinoline meth- 
od for magnesium and for beryllium, the cup-ferron method for the gravi- 
metric determination of titanium, and the use of the Kober colorimeter 
for titanium and manganese determinations. A number of new reagents 
are suggested to replace those recommended in the previous edition: 
e.g., potassium periodate is proposed in place of ammonium persulphate 
for the manganese colorimetric determination. Wherever new procedures 
are described, the older methods are also given. The use of ammonium 
persulphate for the coprecipitation of manganese with aluminum and 
iron is no longer recommended. The well-known bromine water procedure 
is recommended in its place. With very few exceptions, the methods are 
in common use in high-grade analytical work. One wonders whether the 
added precision gained by the use of weight burettes is not an ultra-re- 
finement in view of the difficulty of determining the end-point exactly. 

The set of sample calculations is omitted from the Appendix. The list 
of references has been enlarged, but it is to be regretted that so few recent 
works are listed among the references to the theoretical side of rock 
analysis. 

Throughout the book there is a refreshing tone of individuality; the 
methods given are those of a master analyst and they are presented with 


unusual simplicity and clearness. 


GEORGE H. Otto 
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Physical History of the Connecticut Shoreline. By H. S. SHARP. Con- 
necticut Geological and Natural History Survey Bull. 46. Pp. 97, 
figs. 29, pls. 8. Obtainable from G. S. Godard, State Library, 
Hartford, Conn. 

The publication is essentially an application of the principles of shore 
processes and shoreline development to the Connecticut coast. Regular- 
ity is estimated to be twice that of the coast of Maine, due chiefly to the 
steeper angle of the shoreline peneplain or submerged portion, and to the 
slight dissection of this area as compared with the dissection of the upland 


peneplain which forms the submerged surface in Maine. The term ‘‘Fall 


Zone Peneplain”’ is used as recently proposed in Science. 

The physical history is recounted at some length and the influences of 
factors peculiar to this area are pointed out. Causes of postglacial changes 
are discussed and protective measures suggested for localities where ero- 


sion now Occurs. 


The Geology of the Poonch State (Kashmir) and Adjacent Portions of 
the Punjab. By D. N. Wapta. Calcutta: Government of India, 
1928. Memoirs of the Geological Survey of India, Vol. LI, Part II. 
Pp. 370; pls. 11. 

The Poonch is a tributary of the Kashmir state, and lies within the 
Lower Himalayan zone. The Siwaliks are very well represented and are 
quite variable lithologically. The ‘‘main boundary fault” of the Hima- 
layas dies out in a fold, and ceases to be a limit of deposition Letween 
the Siwalik and Murree zones. The Panjal volcanic rocks have been ex- 
amined micropetrographically and have been found to be part of the 
roots of the vast trap flows of the Upper Carboniferous. The gneissose 
granite core of the Pir Panjal described by Lydekker and Medlicott has 
been found to be nonexistent, and the Panjal slates which they described 
are of three ages. The Kuling and Supra-Kuling rocks classed by Lydek- 
ker as Carbon-Trias have been found to be Eocene on the evidence of 
recently discovered fossils. The Jhelum syntaxis, a great re-entrant in 
the fold-lines of the Pir Panjal, is discussed in conformity with the general 
ideas of Suess. Hayden has found that the real apex of this re-entrant 
bay of the Himalayas is the horst which is the granite massif of the Pamir. 
The appended map is of sharply contrasting colors and is remarkably 


detailed. 
Ce. s, 





